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Executive Summary 



EXECUTIVE SUMMARY 

Granv[lle Solvents, Inc. is a former solvent blending and recycling facility located on a 1.5-acre 

pared in the Village of Granville, Ohio. The parcel is located within the hydraulic influence of 

the Vtllage of Granville well field that is located 700 feet to the west of the facility. 

Ciroundv,ater and soil beneath the site contain volatile organic compounds. The Administrative 

Ordt.T on Consent (1994 ), between the U.S. EPA and a group of potentially responsible parties at 

the Gnn~;ille Solvents Site, requires the completion of certain Removal Actions. These include, 

arrong otjers, a requirement to install a groundwater pump and treat system and a requirement 

fm the treatment of soils to reduce levels of contaminants so that no groundwater beneath the 

sc·il~ will become contaminated above No Further Action Levels. 

1-\ gro . .mdwarer pump and treat system has been in operation since 1994. An Engineering 

E·1al u.::.tion/Cnst Analysis (EE/CA) issued in August 1999 addressed soil treatment requirements 

for 'o.atile organic compounds based on data collected regarding the contaminants in soil and 

groundwater. It is apparent from the analysis that it will be necessary to treat soils to certain 

criter·ia tc· assure that groundwater beneath the soils will not become contaminated above the 1-;o 

Furt 11er Action levels. These criteria, or soil treatment goals, were established using numerical 

rncddine~ and risk assessment methods. Only two compounds detected in the soil. 

trichloroethene (TCE, 6.67 mg/Kg) and perchloroethene (PCE, 5.53mg/Kg), exceed soil 

treatmen: goals. 

Of the alt·;:matives to address soil considered in the EE/CA, soil vapor extraction was selectt:d. 

Bt!::<tuse of the fine-grained nature of the soil encountered during several investigations in the 

fir~:t 20 l;~et below the land surface, pneumatic fracturing was proposed to enhance the air 

p·::rmeabi lity of the soil. A pilot test was conducted to evaluate the site-spe-cific performance of 

sci] ·lapcr extraction and the effect of pneumatic fracturing. Thirteen vacuum monitoring wells 

ar:d two ·Jneuma1:ically fractured vapor extraction wells were installed. The lithology in the pilot 

test ~trea consists of 7 to 12 feet of clay-rich material (clay unit) underlain by sand and gravel 

(~:.:m.! un: t). The depth of the groundwater table is approximately 20 feet in the area of the pilot 

test. 
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The pikt test consisted of soiJ vapor extraction, pneumatic fracturing, and pressurized air 

in. ection tests in the clay unit and soil vapor extraction tests in the underlying sand unit. Short­

kml 5oil vapor extraction testing was conducted in well VP-10 both before and after fracturing. 

VP-1 0 is located ten feet away from the fracturing site. Results indicated an increase in 

p•;!nneab .lity of 19 percent and an increase in the airflow rate of 26 percent following pneumatic 

fracturing. The tests were conducted using a vacuum of 10 and 12 inches of mercury (136 to 163 

inche5 of warer). The mass removal rate decreased after fracturing by over 50 percent. Testing 

was cJm:Jlicated by rainfall events. The radius of influence remained similar in all tests and 

anragecl 18 feet. 

;\ lcng-krm tesc of two pneumatically fractured soil vapor extraction well.s (Wells# PF-1 and 

PF-::) indicated increased airflow over time under the influence of 10 inches of mercury (136 

inches of water). Rainfall events resulted in short-term decreases in airflow which were 

fi:oll<".·'ved by progressive increases. Rainfall also resulted in water collecting in well sumps 

reqt iring periodic removal. The radius of vacuum influence remained at approximately 18 feet. 

The remuval of contaminant mass progressively increased during the course of the pilot test. 

Air injec:ion tests were conducted on the pneumatically fractured wells. Air injection rates were 

ecp1ivalent to the air extraction rates achieved in the soil vapor extraction tests. This flow rate 

was obtained using 48 percent less pressure (70 inches of water versus 136 inches of water). 

Water did not collect in the well sumps during the course ofthe air injection test. 

T1!sts in the sand and gravel beneath the clay resulted in airflow rates of 120 standard cubic ft!et 

p~:r tn1m11e (scfm). While two sand-unit wells were operated within this unit, the radius of 

influence covered the entire area impacted above soil treatment goals. although there appears to 

be r,~stric:ted flc·\V beneath the building. The restricted flow was likely caused by greater 

thicl..n•:!SS of the day-unit and lesser thickness of the sand unit beneath the building. Vacuum 

prcs·:ure during the test averaged 12 inches of water. Mass removal rates were gradually 

dedining during the course of the testing in the sand unit. 
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'The aggregate concentration of volatile organic compounds measured using a photoionization 

di.!txtor (PID) during the long-term clay-unit test steadily increased. At the end of the test, the 

concentration was 25 ppm V while at a flow rate of 70 scfm. This represents a removal rate of 

;;.pproxirnately 0. 9 pounds per day. After operating the sand-unit test for 30 days, the 

me 1surement using a PID was 70ppm V with a flow rate of 125 scfm. This represents a removal 

rat{' of approxir.1ately 4.3 pounds per day with a declining trend. 

Conclusions drawn from the pilot test are: 

11 The day un.t beneath the site is seven to 12 feet thick where measured in the test area. 

'' Soil vapor extraction in the clay unit. without pneumatic fracturing, is fi!asible. 

11 PneL::natic fr.:tcturing resulted in a modest increase in airflow rates over those obtained under 

m:,tunl conditions in the clay unit. 

" The test did not provide evidence that pneumatic fracturing will increase the radius of 

dfecrive influence of the soil vapor extraction system in the clay unit. 

11 fhe test did not provide evidence that pneumatic fracturing will quantitatively increase the 

race of mass removal from the clay-unit. 

•• -\n unsaturated sand unit is present beneath the impacted area of the site and beneath the clay 

unit. 

• Soil yapor extraction is feasible in the sand unit. 
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Section One 



1. INTRODUCTION 

l.l HISTORY 

The AdJ:-tinistrative Order on Consent (AOC, 1994) between the U.S. EPA and a group of 

P:nmtially Responsible Parties (PRPs) at the Granville Solvents Site (GSS PRP Group) requires 

the .:omrietion of certain Removal Actions at the Granville Solvents Site (Site). These Removal 

Actions nclude the installation of a pump and treat system to halt migration of groundwater 

con11mination tmvard the Village of Granville municipal well field; reinstatement of the capacity of 

th~ Village of Gnmville production well (PW -1 ); and treatment of soils to levels so that no 

groundwater berh!ath the soils will become contaminated above the grmmdwater No Further 

Ac ti·Jr L~vels. The GSS PRP Group installed, and is operating, a groundwater pump and treat 

sy~;tt:'m and has provided a new production well for the Village of Granville. 

The Engineaing Evaluation/Cost Analysis (EEICA. 1999) addressed the soil treatment 

rec:uirc~ments of the AOC. Data have been collected in previous investigations to characterize soil 

and grJundwater conditions (M&E, 1995a-d and 1996a-f). These data have been evaluated, and 

the cxten: and distribution of contaminants in the soil and groundwater have been defined. The 

results of these investigations indicate that chlorinated and non-chlorinated volatile organic 

wmpounds (VOCs) and semi-volatile organic compounds (SVOCs) have been detected at the Site. 

Th;! -:ompounds in the soil are primarily located in the vicinity of the warehouse building. 

A :ktailed analysis of the Site conditions was presented in the EE/CA (1999). This analysis 

determined that to comply with the requirements of the AOC and the Action Memorandum (U.S. 

EPA. 2000), it will be necessary to treat soil to the treatment criteria listed in Table I. Two 

cunpounds. trichloroethylene (TCE) and tetrachloroethylene (PCE), have been detected in site 

soils in e:-;cess of the soil treatment goals. The soil treatment goals for these compounds are 5.53 

rr:g/l:g fiJr PCE and 6.67 mg/kg for TCE. By treating site soils to these goals, the requirements 

of :he AOC will have been met. 
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TABLEt 

SOIL TREATMENT GOALS 

Maximum Concentration Risk-Based 
1fConcern Detected in Soil Soil Treatment Goal* 

(mglkg) (mglkg) 
mne 1.7 147.81 
mne 0.012 4 
.e 0.011 59.22 

~----~:h:micals < 

~-~T.T-tr:-(:hloroetl 

]'~T~I.-tr~(:hloroetl 
!'-I -didiioro~!th<m 
jTI-didiioroetheJ 

~~J~·[2-·;!ichloroe 
L:~~l~.!..::~: -die hlor 
L;~~t~m:~ne 

1e 
thene 

0.007 
4.6 

0.0274 
~ 48.85 

oethene 0.021 94.74 
----, 

I 
0.014 360 ~ 

i]enzene 
----··---·---c 11 bon d isul tidt: 

<:~1J;)foti:;rm 
~~~h;7TIJei:zen~ 

1 o.o84 139 I 
------~'--0~.0~1_4 ______________ -r/3~--------------~ 

0.7 4 I 
f 0.027 I 66 ________ _J 

I 
0.002 162 I 
3.6 320.59 ~ 

------~~----------~~------------~ ~~1e~:lel1e chloride I 0
18
.002 11.6 i 

-::f~:!J:ac:hl;=.roerhene . 5.53 ==:J 
-::'~)Tiene ----:--- ·-------t/--;0;-; . .J_., 4_· _________ _,_--;7o-2:::-:):;-.2_0 _________ _j 

~~~·~or:~eili~~ ---~-~~~-~1·1~.J~-------~--t'=60·=·~:;-~~--------~· Vm·Jl cl": LOride _ "1-""t 

~~~7L;[ies -(total) 44 907.00 
*-j~ 5k-b;ised soi I tr--e-at_m_e_n_t -g-oa----;l~s-e-st-a-:-b-:-:1 i--=sh-e--:d:-:i-n-=E=-=E=-/=c=-A-(1:-::9=-=9-=9.,....) .-...L-----

F i·;e alte·rnati ves were identified in the EE/CA (1999) as potential Removal Actions that would 

redLcc the concentrations of PCE and TCE in the soil to below soil treatment goals. Each 

a!t;!rm.tin: wJ.S e'valuated based on the NCP criteria and the Superfund Accelerated Cleanup Model 

c~.A:~~-fl guidance. The properties of the chemicals of concern are similar, allowing all of the 

chemical:; of concern to be addressed using one technology. The results of this evaluation 

incli1. atec that soil vapor extraction (SVE) with pneumatic fracturing. as necessary, would be an 

a::,pnpriate :md cost effective action. 
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"f11e V.S. EPA approved an Action Memorandum dated March 8, 2000, which was received by the 

G~anville Solvents PRP Group on March 15, 2000, that recommended soil vapor extraction and 

pneumatic fracnui.ng as an enhancement. 

A though pneumatic fracturing-enhanced soil vapor extraction has been used successfully at many 

s:le:·: throughout the country, its site-specific performance must be evaluated to verifY that the site 

c•m.litions are compatible with the technology. Pursuant to this site-specific evaluation, a 

Pne!fma!zc Fracturing/Soil Vapor Extraction Pilot Test Work Plan (Work Plan) (M&E, 2000a) 

was subnitted on April 14,2000 and approved by the U.S. EPA on April21, 2000. 

The p:1eumatic fracturing/soil vapor extraction pilot test commenced on April 27, 2000. The test 

was designed to include several specific activities. These include the installation of vacuum 

e:<tr:tction and monitoring wells, SVE testing prior to fracturing soils, pneumatic fracturing of 

Ct!ct.tin wells. and both short- and long-term SVE tests following fracturing. Metcalf & Eddy 

('v[&E) and subcontractor ARS Technologies (ARS) conducted soil vapor extraction testing, 

pneumatic fracturing, and post-fracturing soil vapor extraction testing during the first week of May 

2000 following the testing methods prescribed in the Work Plan. M&E conducted additional 

testing to collect supplemental performance data. 

Dur ng the pilot test, several modifications were made to accommodate unexpected fi,;:Jd 

ccnditions. An addendum to the Work Plan (M&E, 2000b) describing additional work to be 

ccnducted to address the field conditions, was submitted to the U.S. EPA on May 25, 2000. The 

addendum reported the preliminary results of pneumatic fracturing and clay-unit testing and 

de fined lhis additional work including the drilling of two additional soil borings to evaluate the 

tl1ickn·:::ss of the clay-rich surface material and underlying sand unit imm·:::diately south of the 

v,Ln:hom;: building. The addendum also included the description of additional testing to be 

clnducted to evaluate soil vapor extraction in the sand unit. M&E executed the additional work 

de,;c ribed in the addendum in June 2000. 
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Th1s pilot test report contains the results of all pilot test activities. Following in Section 1.2 is a 

:Jrief description of the site conditions, a description of the test objectives (Section 1.3) and an 

owrvie'>v of the technology (Section I .4). Details regarding the pilot test vacuum monitoring and 

~~xtraction wells are provided in Section 2. Section 3 includes a description of the clay-unit test and 

[ls rc·sults. A description of the sand unit test and its results are provided in Section 4. The 

:;wnrnary and conclusions are provided in Section 5. M&E's subcontractor, ARS Technologies, 

·.::onducted portions of the work and provided a report that is included as Appendix A and 

.5wnrnarzed in the appropriate sections of this report. 

1.2: SITE CONDITIONS 

I'h~ Site is the~ location of an inactive waste solvent blending and recyding operation at 300 

Falmer Lane in Granville. Licking County. Ohio (Figure l ). It is located near the southern 

.;orporate limit ofthe Village of Granville. but within the Village boundaries. approximately one­

':hird or· a mile southwest of downtown Granville. The Site is on a 1.5-acre triangular-shaped 

parcel lcJcated .1djacent to a residential area. with some commercial and light-industrial busi:1ess 

nearby. Palmer Lane is along the northwest site boundary. A former railroad track, now a ·:Jike 

and walking path. is the southern border of the Site with the Cherry Street overpass bordering the 

Sit~ on lhe east. Raccoon Creek is located approximately 100 feet south of the walking and ·:Jike 

path. The Village of Granville municipal well PW -1. which has been removed from servic.;:, is 

loc:ated 700 feet west of the Site. The Site is zoned for commercial use. 

The Site is situared on alluvial terrace deposits at the northern edge of Raccoon Creek Valley. It is 

directly underlain by clay-, silt- and sand-rich sediments deposited on the Raccoon Creek 

r;ood.plain. Below the surface soil material is a highly permeable sand and gravel outwash. The 

fin~r-gnined surface materials may retard but do not form a hydraulic barrier to the infiltration of 

~n:cipi~ation from the surface. A typical vertical lithologic section expected beneath the site, based 

en lithclogic logs from drilling, is a low permeability unit of interbedded fine-grained sand, silt, 

:m.l cia~. lenses from the ground surface down to a depth ranging from 6 feet bgs to :2.0 feet bgs. 
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The thickness of this low-permeability unit in the area of the pilot test and the area under which 

so l treatment eriteria are exceeded is approximately 10 feet. Extending beneath the water table, 

be aquifer consists chiefly of fine- to coarse-grained sand and silt, interbedded with gravel lenses 

cf various thidJlesses. 

All of the chemicals of concern, (COCs) are volatile organic compounds (VOCs) which possess 

5irnilar ph; sica! properties, allowing for all of the chemicals to be addressed using one 

t1~c hnok,gy. Sod vapor extraction is a presumptive remedy for VOCs. The relatively low 

~e:·rr.eahility of the clay. however, provides limitations to this technology. One means of 

[m prov· ng the Jermeability is by fracturing these fine-grained materials. 

l.~; OBJECTIVES 

I'h~ •)bj,!cti •:es of the pneumatic fracturing-enhanced soil vapor extraction pilot test were to: (1) 

•!valuate the inrluence of pneumatic fracturing on the soil formation and (2) evaluate its potential 

to ~r.hca1ce remedial efforts in contaminated areas prior to and after fracturing activities. The 

:~)llowing parameters were measured in accordance with the methods described in the Work 

Plan: 

- ~~atural or pre-fracture baseline bulk air permeability and mass removal rates; 

Pressure requirements for fracture initiation and maintenance: 

Extent of fracture propagation and orientation; and 

Post-fracture bulk air permeability and contaminant mass removal rates. 

The objt:cti\·es of the soil vapor extraction testing conducted on the sand unit were to: (1) ve:rify 

dw pre::ence c·f the sand unit south of the warehouse building beneath the area containing 

•:h •. :micals of concern in excess of the treatment standards, (2) evaluate the extraction flow rate 

and raC.ius of influence of vacuum applied to the sand unit, and (3) evaluate the concentration of 

1-6 



VOCs in the extracted soil gas. To meet these objectives, the following activities were 

cJnductc!d: 

-· Drilllng and detailed lithologic logging of two additional borings and the installation 

of vacuum monitoring wells south of the warehouse building; 

Installation and operation of a second SVE unit on a previously installed sand unit 

well VP-8; and 

Bulk air permeability testing of the sand unit and mass removal rate monitoring of the 

off-gas from the second SVE unit. 

ll A TECHNOLOGY OVERVIEW 

Wirh SVE. air t1ow is induced through contaminated soil by applying a vacuum to vapor 

·~:xtraction vents and creating a pressure gradient in the vadose zone of tht: targeted soil. As the 

~oil varor migrates through the soil pores toward the extraction vents. VOCs are volatilized, 

transpo:1ed out of subsurface soil. collected above ground, and. if necessary. treated before 

:release t·J the atmosphere. SVE system performance depends on properties of both the soil (air 

perm:!a.::-~ilit;-. bulk density. porosity, and moisture content) and the contaminants (vapor pressure. 

-~'<aler sc[ubiliry. and sorption properties). 

The low air permeability of the targeted subsurface soil at the Site was believed to limit the 

applicability of SVE without enhancements. Used in conjunction with tedmologies that enhance 

::~t!rmo:!ability or volatility, the potential effectiveness of SVE can be improved and may become a 

:Tore viable and cost effective remedial alternative for the removal of YOC contamination in the 

u;1~;atur.1ted zone. 

Pneumatic fracturing is a commercially available, patented technology which enhances the in­

~ittl rem<J\'al arc! treatment of volatile organic compounds by increasing the air permeability in 

:~oil <me: rock ftxmations. The principal objectives of pneumatic fracturing are reduction in 
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treatment. time and extension of available technologies to more difficult geologic conditions. 

Pneumatic fracturing has been successfully integrated with in-situ treatment technologies such as 

vc.p,,r extraction, bioremediation and ground water contaminant recovery. 

Pneumatic fracturing involves the injection of pressurized air into low-permeable soil to extend 

existing fractures and to create a secondary network of conductive subsurface fissures and 

cJ anneb. If successful, the enhanced network of fractures increases the exposed surface area of 

the contaminated soil, as well as its permeability to liquids and vapors, thus creating pathways 

that enlnnce the soil vapor extraction (SVE) process. 

There are several characteristics that were evaluated during the testing. A characteristic of a 

fimnation tor em~ctive contaminant removal is its natural bulk air permeability. Airflow rates 

c:cnelate directly with the bulk air permeability. A quantitative comparison of airflow rates 

be fi 1re ard after fracturing provides an indication of the relative changes due to fracturing. The 

radius of vacuum influence during permeability testing demonstrates the degree of influence of 

th;:: SVE system. Pre- and post-fracture vacuum influences are compared to evaluate the effect of 

fi·acturing. 

Contammant mass removal is determined by monitoring the extraction flow rates and VOC 

c,Jncentrations at specific times during permeability testing. Vapor samples were collected and 

analyzed hourly during the pre-fracture permeability test and six times per day during the post­

ti·acture pem1eability test. Total VOC concentrations in the vapor samples were recorded with a 

hand-neld H1\"L Model 01-101 Data Logging Photoionization analyzer. This information was 

med for evaluating the rates of contaminant removal by the SVE sys·:em before and after 

fi·ac turing. 

F r a~.·ture propagation is a function of the natural stresses and strains in the formation and the 

dfc ctive rate of ''leak-off' of the gas into the formation. Pressure influence at surrounding 

rnOJ :jtoring wells was monitored during fracturing so that the effective radius of fracture 
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in.Jluence could be determined. The paths of fracture propagation/creation are used to verify the 

horizontal extent of permeability change, if any. Through the use of monitoring points screened 

with:in the targ1!ted fracture zone and located at varying radial distances from the fracture well, an 

as~;essnent of tlte induced fracture network can be accomplished. Measurement of ground 

sw-face -:leave or "ground uplift" during fracture injection is utilized to det(:rmine fracture 

·Jrientation and distance for shallow pneumatic fracture applications. Using a surveying transit 

.md a gnduated tape that is attached to a pylon located at the fracture well, measurement of the 

grow1d deflection can be monitored during each pneumatic injection. The maximum amount of 

upward motion (surface heave) and final ending height (residual heave) is measured in 

centimeters and recorded. The ground surface heave provides direct evideace of fracture 

propaga~:ion and direction. 
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2.0 PILOT TEST VACUUM MONITORING AND EXTRACTION WELLS 

F fteen 'acuum :nonitoring wells and two pneumatc fracture wells were installed in the pilot test 

area Five existing groundwater monitoring wells with screen exposed above the water table 

'ht:-n:· a lsc• used during the course of pilot testing (Figure 2). Nine vacuum monitoring wells were 

im;tall·~d within the clay unit pilot test area east of the warehouse building to monitor both 

pn:ssure md extraction influence within the targeted fracture zone. The lithology observed 

during the drilling consisted of between 7 and 12 feet of clay-rich materials underlain by poorly 

s·:ll1(·d medium- to fine-grained sand and gravel. Vacuum monitoring wells are numbered VP--1. 

\'P- .. ~, V?-3, VP--4. VP-7, VP-9, VP-10, VP-11, and VP-12 (Figure 3). 

The welh were constructed by first drilling an 8.25-inch-diameter boring to the target depth and 

then insc11ing a 2-inch, schedule 40 PVC well screen (0.02 slot). The s•:reened interval was 

sde<.:tc·d based on the specific stratigraphy in the boring. A cross section location map is 

pn" ided 1s Figue 4. The screen intervals and the lithologic unit in which they are screened are 

pn)\ ided on Figure 5. Lithologic cross sections are provided as Figures 6. 7. and 8. No. 4 sand 

~~c.s u~;ed to till the annular space of the screened interval. A bentonite/Por::land cement mixture 

wc:s plac·~·d around the riser pipe to seal off the screened interval. Moni~:or well construction 

de·ai Is are provided on well logs that are located in Appendix A of the ARS Report (Appendix 

A). During the installation of monitoring wells VP-1 through VP-9, continuous split-spoon 

samrling was conducted for the entire boring. The soil samples were used for geologic logging 

purpo5.es and screened with a portable PID (HNU Model DL-1 01) for VOC concentrations. 

Four wells were drilled to aid in the evaluation of the sand unit. Vacuum monitoring well VP-8 

wa.s drilled tl1 the water table and screened through the entire sand section from a depth of 5 to 

20 ket bgs. A second well, VP-13, was drilled on the west side of the building to evaluate the 

sfullow porti,)n of the sand unit and two more wells, VP-14 and VP-15, were drilled to the south 

o :' tl:e bu tiding. 
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Tw<> pneumatic fracture wells, designated PF, were installed within the pilot test area (Figure 2). 

Pre' iom: site ir.vestigations have identified the surface material within the targeted fracture 

inrer·val <approximately 5 to 15 feet) to consist primarily of silt-rich clay. Based upon this 

i:a::Ormation, it was anticipated that the two 4.75-inch-diarneter borings would be advanced to an 

approximate depth of 15 feet below ground surface (bgs) utilizing solid stem augers to 

ac·:ommndate the pneumatic fracture tooling. Because the sand unit was encountered at an 

elevJt:on higher than expected, the fracturing wells were terminated at shallower depths, above 

th: :-and wne (PF-1 at 9.5 feet bgs and PF-2 at 7.5 feet bgs). 

The con~;istency and cohesiveness ofthe clay unit soils permitted the two borings to remain open 

ff:11· rhe duration of the pre-fracture permeability tests and the pneumatic fracture operations. 

One·.~ t:h(: fracture applications were completed, both borings were converted to 2-inch, schedule 

41) F'VC ~;oil vapor extraction wells. 

The pilot test was conducted as two distinct tests, differentiating the clay unit, located from the 

surftc·~ to a depth of approximately ten feet below grade, from the sand unit, located below the 

clc.y unit. The equipment used for the pilot test was different for each pilot test. ARS 

T~;:c!mJlogies provided a skid-mounted, high-vacuum low-flow unit for the initial clay unit test. 

:\1er.:a:f 8.: Eddy provided a separate low-vacuum high-flow unit for the sand unit test. 
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3.0 CLAY-UNIT TESTS 

~:evera.l soil vapor extraction tests were conducted on the clay-unit soils in the area of soil 

impact. The objectives ofthe testing were to determine the following: 

" Natural or pre-fracture baseline bulk air permeability and mass removal rates; 

• Pressure requirements for fracture initiation and maintenance; 

• Extent of fracture propagation and orientation; and 

• Post-fracture bulk air permeability and contaminant mass removal rates. 

Tlw ~~lay--unit tests were conducted between April 29, :2000, and May 31, 2000. The tests 

inclu .. ld tl~e tollowing: 

1 . a pre- tracture permeability test of well VP-1 0. 

i soil fracturing tests ofPF-1 and PF-2. 

3. a pest-fracture permeability test ofwell VP-10, 

~- post-tracture permeability tests of wells PF-1 and PF-2, 

5. a lor:.g-term vapor extraction test of wells PF -l and PF -2, and 

6. an air injection test for wells PF -l and PF -2. 

A dewikd report (povided in Appendix A) covering tests 1 through 5 identified above, was 

preparec' by .-\ccutech Remedial Systems. Inc. (ARS). ARS was present during the installation 

of :he 'IP well net\vork. conducted the fracturing of wells PF-1 and PF-2. and co:~ducted portions 

·)~·the ::~ir p1~rmeab\lity tests for the clay-unit. 

A mmo<try o ,. the methods results and conclusions of these tests is provided in the following 

sub;ecti:ms. [\~tails of specific tests are provided in Appendix A. 
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3.J CLAY-UNIT TEST METHODS 

All of the tests performed on the clay-unit utilized the same equipment and instruments. The 

equipment used to extract soil gas from the clay-unit and to inject atmospheric air into given 

wdls consisted of the following primary components: (1) a positive displacement blower, (2) a 

vac.tum relief valve, (3) a dilution valve, (4) a knock-out tank, (5) a pressure relief valve, (6) a 

hear exchanger, and (7) t\VO granular activated carbon filters in series. A process schematic 

dra .. ving ·Jfthe vapor extraction unit is provided as Figure 9. 

During t:he \·ap·Jr extraction test. the blower pulls gas from the piping and the well creating a 

partial ... J.cuum \\·ithin the clay soils surrounding the extraction well. The extracted soil gas 

moves L"!Iough the knock-out tank where liquid water. if present in the soil gas. is removed. A 

di llltion valve eet'.veen the wellhead and the knock-out tank provides a means for controlling the 

levd of vacuum that is applied to the well and consequently tht! quantity of soil gas that is 

extractc-:l. The blower adds heat to the soil gas. some of which is removed on the outlet sid.;: of 

the blower by a heat exchanger. The cooled soil gas is treated using granular activated carbon to 

n:nove •.roL.J.tik organic compounds present in the soil gas. 

The blower used for this test was capable of approximately 120 scfm at fr·:!e flow (no vacuum or 

·Jressure). and was capable of supplying lesser flow rates at vacuum or pressure up to 

3prroximately 12 inches of mercury. 

Variou:; gauges and ports are included with the vapor extraction unit to allow the monitoring of 

tlow. •, acuum. and temperature, and to allow the collection of soil gas samples (Figure 9). 

Exhaust from the vapor extraction unit was directed to carbon units for treatment prior to release 

to the atmosphere. 
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'' · During the extraction tests conducted on PF-1 and PF-2, pumps were used to remove water that 

was brought into the wells while vacuum was applied. Water extracted by the pumps was 

transferred to the groundwater treatment system in the adjacent building where it was treated 

prior to release to Raccoon Creek. 

During the air injection tests, exchanging the piping connections to the intake and discharge 

ports of the blower reversed the flow direction. Atmospheric air was then pumped into the 

injection well. 

The instruments used for monitoring the clay-unit tests included the manual gages illustrated on 

Fig'Jre 9 and the following additional equipment: 

• Photoionization detector HNU Model D 1- I 0 I Photoionization 

Analyzer 

• Digital manometer (0 to 20 in. w.c.) Dwyer Instrum~:nts 

• Digital manometer (0 to 200 in. w.c.) Dwyer Instruments 

• Flow meter Accutubes (1.5 and 2 inch) 

• Magnehelic gages Dwyer Instruments 

The methods used to conduct the tests of the clay-unit are provided in Appendix A except for the 

air injection tests for wells PF-1 and PF-2. Methods used to conduct this test are provided 

below. 

3-4 



'I 
d ,,, 

-·,II 

-----------~------·-·-·-· 

3.2 AIR INJECTION TEST OF WELLS PF-1 AND PF-2 

An air injection test of wells PF-1 and PF-2 was started following the long term soil gas 

extraction tests. Air injection testing began on May 26, 2000, and continued through May 31, 

2000. The purpose of the testing was to determine if higher flow rates could be obtained in the 

wells by injecting air rather than withdrawing air. A secondary purpose of the test was to 

provide a visual method of determining the radius of pore fractures accessed by the fracture 

'"'ells that reached the ground surface. 

Air was injected into the wells at a pressure of approximately 70 inches. Water column and 

pressure readings were obtained from clay-unit vapor monitoring probes VP-9, VP-1 0. VP-11, 

and VP-12. Injected air flow rates were obtained using the Accutube flow measurement tube. 

Flo'N meJsurements were obtained over the duration of the test to detennine if the flow rate 

increased over time as air was injected into the wells. 

The last step of the air injection test was a visual check of the radius of fractures and channels 

through which the air made its way to the ground surface from the locations of the injection 

well:;. A dilute soap solution was sprayed onto the ground surface in the area surrounding the 

two air injection wells (PF-1 and PF-2). Air escaping from the ground surface through fractur-es 

and other air channels could then be visually observed at the surface. 

3.3 CLAY-UNIT TEST RESULTS 

The complete data sets from the tests conducted in the clay-unit are provided in Appendix A. 

Detailed discussions of the results and the methods used to calculate permeability and other 

parameters are provided in Appendix A. A summary of the tests results is provided below. 
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].3.1 Clay-Unit Air Permeability Testing 

The following air permeability tests were conducted: (1) a pre-fracture test of VP-10, a post­

fracture test of VP-10, and post-fracture permeability tests of PF-1 and PF-2. The radius of 

influence, permeability, air flow rate, and mass removal rate results obtained from these tests are 

provided in Table 2. 
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TABLE2 

RESULTS OF CLAY-UNIT PERMEABILITY TESTS 

Applied Radius of Air Flow Mass 
Vacuum Permeability Influence Rate Removal 
(ln. Hg) (Darcy) (Feet) (scfm) (lb/day) 

10 

I 
3.87 18.1 27.4-33 1.1 

12.5 2.83 19.7 25- 3I 2.0 

IO 4.48 I8.0 36.8-39.7 0.55 

I2 3.36 I6.4 37.1 -38.9 
I 

0.42 

10 5.47 16.4 31.8- 35.0 0.08 

II 5.17 21.1 34.5-35.8 0.06 

10 5.I2 16.4 30.2-34.4 1.23 

11.5 4.14 16.4 32.0-34.1 1.81 

10 12.9 24.6 30.8-76.7 1.0 

10 13.7 32.8 30.8-76.7 1.0 

"Effecttve radtus of mfluence for PF-1 was calculated usmg PF-1 and closest monttormg wells, but was 
determined during a period when both PF-1 and PF-2 were extracting soil gas. 

b Effective radius of influence for PF-2 was calculated using PF-2 and closest monitoring wells, but was 
determined during a period when both PF-1 and PF-2 were extracting soil gas. 
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The air permeability tests conducted at VP-1 0 indicate that only a small increase in permeability 

occurred at this well following the fracturing process. However, a rainfall event occurred just 

after the fracturing process was completed. The rainfall would likely have filled some of the 

voids produced by the fracturing process. The above rainfall event and subsequent rainfall 

t!vents made direct comparison of post-fracture permeability to pre-fracture permeability 

unreliable. 

Direct comparison between the permeability of VP-10 and the fractured wells, PF-1 and PF-2, 

was also complicated by the rainfall events that occurred following the fracturing. The 

permeability values determined for PF -1 and PF -2 were slightly higher than the permeability 

determined for VP-1 0 before and after fracturing. 

During the long-term test of PF -1 and PF -2, the permeabilities calculate:d for these wells from 

data obtained near the end of the long-term testing indicated that the permeability had increased 

at these wells by nearly three times. This increase could be due in part to the removal of some of 

the water added to the soil voids during the rainfall events. The increase is also due in part to the 

df):ing of the soils by the air flow. Soil drying tends to increase secondary porosity in the soil 

through the creation of additional fractures and the enlargement of existing fractures. Drying 

also opens some of the primary soil porosity to flow. This drying gem!rally will occur under 

long-term operation of most SVE systems. The lower the relative humidity of the air moving 

through the soil, the more rapidly soil drying occurs. 

The bores for the fractured wells were smaller than the bore for VP-10 (4.75 inches versus 8 

inches). A smaller well diameter will typically result in lower air flow rates from the well, given 

similar applied vacuum and similar soils. The results indicate that the air tlow rates for PF -1 and 

PF -2 were similar to, and slightly greater than, the flow rates for VP-1 0. 
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3.3.2 Soil Fracturing Tests 

Three methods were used to aid in determining the influence of fracture propagation at PF -1 and 

PF-2 as the pressure was applied to the subsurface. These three methods include (1) the analysis 

of pressure transducer data and fracture initiation pressure data, (2) the analysis of pressure 

influence at adjacent monitoring wells, and (3) the observation of surface heave during and 

1~>llowing pneumatic fracturing. 

Pressure transducer data were collected during the pneumatic fracturing of PF -1. The data are 

plott~:d in Figure 5 of Appendix A. The plot does not indicate a distinct initiation pressure 

typically seen during fracture propagation. It is thought that the shallow depth at which the 

fractures were propagated contributed to a lack of a distinct initiation pressure indication in the 

piot. The maximum pressure held by the formation during the fracturing process was 92 pounds 

per square inch (psi) for PF -1 and l 00 psi for PF -2. 

All wells installed in the pilot test area were outfitted with pressure measuring devices that held 

the highest pressure obtained at each location. During fracturing of PF -1, only well PF -2 showed 

a pressure influence from the test (0.1 psi maximum). During fracturing of PF-2, only well VP-

12 showed a pressure influence (0.25 psi). This indicates that significant pressure breakthrough 

did not occur at most monitoring wells. 

Ground surface heave was measured during the pneumatic fracturing of PF-1 and PF-2. The 

ground surface at the wellhead and 11 feet from the wellhead were observed during the 

fracturing and after fracturing was complete. During the injection process, heave adjacent to the 

wells was 0.065 and 0.08 feet for PF-1 and PF-2, respectively, and 11 feet from the wells the 

heave was 0.02 and 0.03 feet, respectively. Residual heaves (after the fracturing process \Vas 

complete) of0.02 and 0.03 were measured adjacent to wells PF-1 and PF-2. respectively, and no 

n:sidual heave was present 11 feet from the fracture wells. 
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One other method for determining fracture propagation is visual observation of "daylighting". 

Daylighting occurs when the injected air is seen penetrating the ground surface. It is observed as 

a puff of air and soil during the application of the pressurized air. 

J.3.3 Soil Gas Extraction Rate During Long-Term Test 

Wells PF-1 and PF-2 were both connected to the vacuum extraction system for the long-term 

test. The soil gas flow rate extracted from the two wells was observed to increase over time as 

the test continued. Figure 10 shows the long-term trend of flow increase over the 21 days of the 

long-term test. It is anticipated that this trend of increasing flow rate would have continued if the 

tests had been continued. The increase in flow rate is probably due to the removal of perched 

'.Mater and residual saturation from within the clay-unit and progressive drying of the soils. 

3.3.-' Soil Gas PID Reading During Long-Term Test 

PID measurements were taken periodically during the 21 days of the long term vapor extraction 

tt:st of,,.•ells PF-l and PF-2. Figure II provides a plot ofthe PID data obtained from the soil gas 

over the course of the long term test. As shown in Figure II, the PID readings increased over 

the course of the test. This upward trend has been attributed to an improvement in air flow due 

to the drainage of water from fracture voids in the soil. It is also likely that some soil desiccation 

occurred in fractures and other voids which provides greater access to soil contaminants not 

residing directly on fracture surfaces. 
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FIGURE 10 
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FIGURE 11 
JliD l\fEASUREMENTS, LONG TERM CLAY UNIT TEST 
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4.0 SAND UNIT TESTS 

Several tests were conducted on the sand unit in the area of impacted soil. The following 

objectives were established for the sand unit testing: 

• Determine if the unit was suitable for soil gas extraction without fracturing; 

• Estimate the permeability of the unit; 

• Estimate the volume of soil that could be effectively treated from a single 

extraction well; 

• Establish design parameters for a full-scale SVE system targeting this unit 

(required well spacing, expected flow rate from single wells, required vacuum to 

attain desired flow rate, and expected VOC concentration for extracted soil gas). 

Sand unit tests were conducted between May 4, 2000, and July 13, 2000. Tests conducted on 

VP-8 included a step test, steady state vacuum influence tests, a steady state air permeability test, 

several transient air permeability tests, and a long-term test to determine the expected VOC 

production rate from the extraction well. Tests conducted on VP-14 included a steady state 

radius of intluence test. The methods, results and conclusions of these tests are provided in the 

following subsections. Details of specific tests are provided in Appendix B. 

4.1 SAI\0 UNIT TEST METHODS 

All of the tests performed on the sand unit utilized the same equipment and instruments. The 

equipment used to extract soil gas from the sand unit and inject atmospheric air into the sand unit 

consisted of the following primary components: (1) a regenerative blower,. (2) a vacuum relief 

valve, (3) a particulate filter, (4) a dilution valve, and (5) a knock-out tank. A process schematic 

drawing of the vapor extraction unit is provided as Figure 12. 
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During the vacuum extraction test, the blower extracts gas from the piping and the well creating 

a partial vacuum within the sand unit. The soil gas moves through the knock-out tank where 

\Vater that may be present in the soil gas is removed. A dilution valve downstream of the knock­

out tank provides a means for controlling the vacuum that is applied to the well and consequently 

the quantity of soil gas that is extracted. The particulate filter traps soil and other particles that 

c:an be drawn into the system through the well or the dilution valve. The blower used for this test 

has a capacity of approximately 150 scfm when operating without restriction (no vacuum or 

pressure). 

Various gauges and ports are included with the vapor extraction unit to monitor flow, vacuum, 

<md temperature, and to collect soil gas samples (Figure 12). Exhaust from the vapor extraction 

unit can be directed to carbon units for treatment or can be discharged directly to the atmosphere. 

Based on measurements taken prior to the installation of this unit, the total VOC discharge from 

the unit was estimated to be less than 10 pounds per day making treatment of the exhaust 

wmecessary. Measurements after the start-up of this unit confirmed this estimate. 

During the air injection tests, the flow direction is reversed by exchanging the piping connections 

to the intake and discharge ports of the blower. Atmospheric air is then pumped to the vapor 

well. The air injection mode was used to conduct the transient permeability tests, becaus1~ it 

allowed the use of pressure transducers and rapid data logging equipment. The instruments used 

for conducting the sand unit tests included the manual gages shown on Figure 12 and the 

foJiowing additional equipment: 

• Photoionization detector Thermo Environmental, Inc, OVM 

• Digital manometer (0 to 20 in. w.c.) Dwyer Instruments 

• Digital manometer (0 to 200 in. w.c.) Dwyer Instruments 

• Flow meter Velosicalc 

• Pressure Transducers In Situ, Inc . 

• Data logger In Situ, Inc . 
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4.1.1 Step Tests 

Step tests were conducted on wells VP-8 and VP-14. The purpose of the step tests was to 

establish a relationship between the vacuum applied to the well and the soil gas flow rate 

extracted from the well. The tests were conducted by applying three successive levels of vacuum 

to the wellhead. The highest vacuum applied was close to the maximum vacuum/flow rate that 

could be achieved from the well with the vacuum blower. The other two vacuum "steps" were 

lower than the maximum and were used to develop the vacuum/flow curve. 

The vacuum data for the step tests were plotted against the air flow data and a line was drawn 

that pro\'ided a least squares best fit ofthe data points. Using the line, the expected flow rate c:an 

be estimated for a range of potential applied vacuum levels. 

It, 4.1.2 Steady State Vacuum Influence Test 

Steady state vacuum influence tests were conducted on wells VP-8 and VP-14. The tests include 

applying a constant vacuum to the extraction well and allowing the sand unit soils to come to 

equilibrium with the applied vacuum. Following a period of time to allow the vacuum to 

equilibrate, all available monitoring wells are measured for vacuum to determine the area of 

vacuum influence. The area of vacuum influence is plotted and the vacuum contours within this 

area are drawn. To confirm the presence of vacuum influence at locations where only very low 

readings are obtained, the blower system is shut down and the measurements are repeated at the 

monitoring locations. If the repeat vacuum reading was reduced to zero following this 

procedure, an assumption is made that the vacuum observed was a result of the applied vacuum 

at the extraction well. 
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4.1..3 Steady State Air Permeability Tests 

Steady state air permeability tests are conducted by applying a constant vacuum to the extraction 

well and allowing the soil to come to equilibrium (steady state) with the applied vacuum. 

Equilibrium was generally achieved in a relatively short time (within om: hour), but the tests 

were run considerably longer to ensure that steady state conditions had been achieved. 

Vacuum measurements were then obtained from all available monitoring points that were known 

to be screened within the lower sand. Based on the vacuum observed at the extraction well, the 

monitoring well and based on the distance from the extraction well to the monitoring well, air 

permeabilities were calculated from data from each monitoring well. 

4.1.4 Transient Air Permeability Tests 

Tnmsient air permeability tests were conducted on all monitoring locations that consistently 

showed vacuum readings above .05 inches of water column. The tests were conducted by 

shutting down extraction from well VP-8 and allowing the vacuum in the sand unit to equilibrate 

to atmospheric pressure. A transducer was then attached to a monitoring well and connected to a 

data recorder. The vacuum was reapplied to well VP-8 at the same time that the data recorder 

began to record vacuum data at the monitoring well. 

The data recorded by the data logger were then analyzed using methods developed for transic.::nt 

air permeability tests (see Appendix B). The flow rate obtained from the extraction well and the 

slope of the least squares best fit line for a plot of monitoring well vacuum versus the natural 

logarithm of time were used to calculate the air permeability of the sand unit. The methods 

presented in the "Test Plan and Technical Protocol for Field Treatability Tests for Bioventing" 

(AFCEE, 1992) were used for calculating permeability based on transient vacuum data. 
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•, .... 4.1.5 Long-Term VOC Production Tests 

Soil gas was extracted from VP-8 at a relatively constant rate for 40 days. During that period, 

the VOC content of the exhausted soil gas was tested regularly using a PID. 

4.2 RESULTS OF THE TESTS CONDUCTED ON THE SAND UNIT 

Figun:s 13 and 14 provide the results of the step tests conducted on wells VP-8 and VP-14, 

re:~pectively. The flow rates achieved from each well are near the limit that can be observed for 

two-inch soil vapor extraction wells completed in a sand unit of this thickness. This indicates a 

relatively high permeability for the sand unit. 

The slope of the vacuum observed versus flow rate line is steeper for well VP-14, indicating that 

the formation in the area of VP-14 is less permeable (or the sand unit is not as thick in this area). 

However. both wells show good air flow at relatively low vacuum. Figures 13 and 14 can be 

used to estimate the flow rate that can be obtained from these wells for a variety of applied 

vacuums. 

The steady state radius of vacuum influence for well VP-8 is shown in Figure 15. The steady 

state radius of vacuum influence for well VP-14 is shown in Figure 16. The combined radii of 

vacuum influence for VP-8 and VP-14 easily covers the area where soil impact is above the 

dean-up goals established in the EE/CA (also indicated on Figures 15 and 16). It may be 

observed that the radius of influence of the wells is elongated in the axis parallel to Raccoon 

Creek. The areas of vacuum influence appear to overlap in the area beneath the warehouse 

building. However, air flow across the building from north to south appears to be restricted. 
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FIGURE 14 
STEP TEST RESULTS FOR WELL VP-14 
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-.~. '" Data from the steady state and transient permeability tests are provided in Appendix B as are the 

calculations used to determine air permeability for individual well locations within the sand w1it. 

The average air permeability value calculated from the steady state permeability tests was 2,276 

darcys. The average air permeability value calculated from the transient permeability tests was 

1..430 darcys. While these values are relatively close, both values appear to be high for the 

nature of the formation tested. As discussed in Appendix B, it is likely that the actual 

permeability values are lower than this and that the higher values were obtained due to factors 

sm.:h as well loss, barrier boundaries, and leakage of air from the ground surface. 

~ 11111111 

Even if the actual permeability of the sand unit is lower than the values calculated for the above 

te~.ts, the flow rate and area of vacuum influence indicate that the sand unit is well suited for 

using SVE to extract contaminants from this unit. 

Figure J7 provides the PID data obtained from the SVE unit exhaust over the 40 days that soil 

ga3 was extracted from well VP-8. A slight declining trend is evident in the data presented in 

Figure 17, but the rate of VOC decline is relatively slow over the 40 days of testing. Figure 18 

provides the flow rate data over the 40-day period. The flow rate was relatively stable over the 

test period at just over 120 scfm. 
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FIGURE 18 
SAND UNIT TEST- SOIL GAS EXTRACTION RATE 
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5.0 SUMMARY AND CONCLUSIONS 

5.1 CLAY-UNIT TESTS 

The results of the clay-unit tests indicate that the clay-rich surface soils have sufficient 

pt:nnt::ability to support soil vapor extraction or air injection to remove residual volatile 

c:c•ntaminants in the soils. The tests conducted on VP-1 0, prior to fracturing indicate that the soil 

w[ll support a reasonably high air flow rate (approximately 32 scfm) under high vacuum 

ccndirions ( 10 - 12 inches Hg). The steady state permeability calculations for VP-1 0 prior to 

fi·acturing indicate the soil that can marginally support soil vapor extraction without further 

permeability enhancements. 

The tests conducted on VP-1 0 (pre-fracture) indicated that vacuum int1uence was observed in all 

di~ect.ons that were monitored. The tests also indicated that the vacuum applied to the well \vas 

evident in the sand unit below the clay unit. Wells that were completed into the upper portion of 

th1~ sand unit showed response to vacuum applied to VP-1 0. This could indicate that natural soil 

fractures or sand seams connected the well to the sand unit. Such a connection (or series of 

conne:::tions) would allow the well to show a relatively broad area of influence while the actual 

flow of air through the clay soil could be almost entirely through the preferential pathways 

leading to the sand unit. 

The post fracture test conducted at VP-1 0 did not show significant increases in the radius of 

inJ1uence, the flow rate, or the calculated permeability. However, a rainfall event reduced the 

airflow rate through voids and fractures that terminate at the ground surface. Nearly all fractures 

created by pneumatic fracturing process end at or near the ground surface. 

The flow characteristics of the wells receiving the pneumatic fracturing •.::ould not be directly 

compared to VP~ 10. The rainfall events and the diameter of the boring prevented a direct 

5~1 



111 • . c:omparison. The fractured wells were constructed with a smaller diameter boring. In addition, 

th·ey were tested during and following several rainfall events. 

Although the pneumatic fracturing provide a modest increase in air flow and air permeability, it 

did not improve the conditions sufficiently to warrant its use at this time. Soil vapor extraction 

without augmentation appears to be sufficient to address the clay unit in those areas impacted 

above the soil treatment goals. 

Air injection tests were conducted following extraction tests m the clay unit. The results 

indicated that the amount of air moved through the soil was equal to the amount of air withdrawn 

during the extraction tests. This was accomplished at a lower air pressure that will require lower 

power requirements. In addition, air injection allows for improved operation of the system 

during and following rainfall events. Water collecting in the well sumps and in the systems 

knockout tanks required increased operation and maintenance during extraction tests. The use of 

air injection will result in more rapid increases in the pore size and pore distribution within the 
11

" 1 soils. The result is more rapid desiccation effects when compared to extracted soil gas. Air 

injection will require a separate system to collect and discharge the soil gas that exits the ground 

surface. 

5.2 SAND UNIT TESTS 

Based on the vapor extraction tests that were conducted on the sand unit, the application of SVE 

to the sand unit soils is an effective mechanism for removing volatile organic compounds from 

these soils. The small diameter wells that were installed for this test appear to be sufficient to 

provide airflow through the areas that have been targeted for soil remediation. 

A low vacuum, moderate flow SVE system should be capable of removing volatile contaminants 

from the sand unit soils where airflow can be sustained. The vacuum response from the long-
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term tests in the sand unit indicate that with VP-8 and VP-14 operating together provided 

vacuum influence throughout the area targeted for soil remediation. 

One area appears to be anomalous in the SVE tests conducted in the sand unit. The area beneath 

the building does not appear to be strongly connected to the sands surrounding either VP-8 or 

VP-14. The vacuum reaction at VP-14 caused by soil gas extraction from VP-8 is relatively 

smaLl and suggests that the vacuum is arriving at VP-14 through a circuitous pathway. A 

connection between the VP-8 area and the VP- I 4 area through the sand unit would be expected 

to provide greater vacuum at VP-14 while VP-8 is extracting soil gas. 

Boring logs from the area in and around the building indicate that a clay lens may be present 

beneath the building and near the water table. The lens may restrict the flow of soil gas through 

the sand unit from north to south beneath the building. The location and size of the clay lens 

cou!C. be determined during the installation of SVE wells in the clay unit. 

By extracting soil gas from VP-8 and VP- I 4, it appears that the sand unit soils can be effectively 

treated. Such a system would also be effective for capturing off-gas emissions created by an air 

sparge system, and capturing soil gas that would be released in the subsurface if air injection is 

utilized for the clay-unit and/or the lower clay lens beneath the building. 

If air sparging were implemented in the upper portion of the aquifer, it could provide additional 

treatment to zones that are impacted with volatile organic compounds to augment the existing 

pump and treat system. 

5.3 CONCLUSIONS 

Conclusions drawn from the pilot test are: 

• The clay unit beneath the site is seven to 12 feet thick where measured in the test 

area. 
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'. • Soil vapor extraction in the clay unit, without pneumatic fracturing, is feasible . 

• Pneumatic fracturing resulted in a modest increase in airflow rates over those 

obtained under natural conditions in the clay unit. 

• The test did not provide evidence that pneumatic fracturing will increase the 

radius of effective influence of the soil vapor extraction system in the clay unit:. 

• The test did not provide evidence that pneumatic fracturing will quantitatively 

increase the rate of mass removal from the clay-unit. 

• An unsaturated sand unit is present beneath the impacted area of the site and 

beneath the clay unit. 

• Soil vapor extraction is feasible in the sand unit. 
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•1 , 1.0 INTRODUCTION 
It•• 

This report addresses the pneumatic fracturing and soil vapor extraction pilot test 
activities that were conducted at the Granville Solvents Site in Granville, Ohio from April 
through June of2000. 

2.0 PROJECT BACKGROUND 

2.1 Introduction 

As part of an Administrative Order of Consent (AOC) between the U.S. EPA and a group 
of potentially responsible parties at the Granville Solvents Site (GSS PRP Group), it was 
deemed necessary that the soils be treated to levels that would no longer impact the 
underlying aquifer. From a group of alternatives, Pneumatic Fracturing-enhanced Soil 
Vapor Extraction (PF-SVE) was selected as a means to assist in the removal of 
•:::hlorinated and non-chlorinated volatile organic compounds from the soils at the 
Granville Solvents Site to below soil treatment criteria. Accordingly, a PF-SVE pilot test 
was proposed whereby it would be applied in a known contaminated area within the 
unsaturated zone at the Granville Solvents Site. · 

'The preliminary area that was selected to host the PF-SVE activities was agreed upon 
during a site meeting between ARS and Metcalf and Eddy representatives. This site is 
located on a portion of land east of the warehouse building which is within the delineated 
c;ontaminant plume and provides reasonable access for drilling and Pneumatic Fracturing 
(PF) equipment (Figure 1 ). 

2.2 C..eoJogy 

The Granville Solvents Site is located on alluvial terrace deposits at the northern edge of 
Raccoon Creek Valley. Based on well logs of the monitoring and production wells, a 
vertical section of the site could be simplified as a low penneable unit of interbedded 
fine-grained sand, silt, and clay lenses from ground surface down to the water table, 
approximately 20 feet below ground surface. Located below this low penneable unit is 
an aquifer which is comprised of mainly fine to coarse grained sand and silt, interbedded 
with gravel lenses of various thicknesses. Based on lithologic descriptions of borings 
drilled during the course of the pilot test, the geology beneath the test area consists of 
predominantly cJay from the surface to a depth of 6 to 10 feet underlain by sand and 
gravel to below the water table located approximately 20-feet below grade . 

. . . 
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3.0 TECHNOLOGY BACKGROUND 

Pm~umatic fracturing is a patented, (US 5,032,042), innovative technology that enhances 
the in situ permeability and hydraulic conductivity of geological formations ranging from 
sandy silts to tight clays and bedrock. The process may generally be described as the 
injection of gas into the su"bsurface at a pressure that exceeds the natural in situ stresses, 
and at flow volumes exceeding the natural permeability of the formation. This causes 
failure of the medium and creates a fracture network radiating from the injection point. 
Fracture propagation distances of 20 to 40 feet are typically observed in silt and clay 
geology. Once established, the newly created fractures allow an increased volume of 
vapors and/or liquids to flow through the formation. The conventional objectives of 
Pm~umatic Fracturing are to reduce the treatment time by increasing the contaminant 
mass removal rate, and to extend the effectiveness of available technologies to more 
difticult geologic conditions. Pneumatic Fracturing has been successfully integrated with 
other in situ treatment technologies such as vapor extraction, bioremediation, and free 
product recovery. The main goal of applying Pneumatic Fracturing at the Granville 
Solvents Site is to increase the subsurface air permeability within a targeted area in the 
unsaturated zone so that SVE is both a feasible and cost effective remedial process for the 
site. 

4.0 PILOT TEST STRUCTURE 

4.1 Project Objective 

The pilot test conducted at the Granville Solvents Site was used to evaluate the potential 
effectiveness of Pneumatic Fracturing (PF) in enhancing Soil Vapor Extraction (SVE) 
operations. This was accomplished by comparing results from pre- and post fracture 
SVE tests, and examining the data which were collected during PF injections. More 
specifically, the following objectives were established for this study: 

• Determine the effective vacuum radius of influence before and after fracturing 
• Qualitatively determine the fracture pattern 
• Determine the extent of fracture propagation and orientation 
• Determine the radius of pressure influence during PF injections 
• Quantify the increase in the bulk air permeability and niass removal rates 

provided by Pneumatic Fracturing injections 

4.2 Project Organiution and Scope 

ARS Technologies, Inc. (ARS) performed this pilot test under subcontract (M&E JAMIS 
NUMBER 025508-2000-200) to Metcalf and Eddy, Inc (M&E). Several task groups 
were performed as part of the pilot test and included drilling and well installation, pre­
and post-fracture SVE testing, and Pneumatic Fracturing injections. Post-fracture SVE 

·. ·.·.· 
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testing included a 20-day test which was monitored by M&E personnel. Table 1 
summarizes the tasks and the date(s) on which they were performed. 

Table 1. Task Schedule 
Task Description 

Drilling and Well Installation 
Pre- Fracture Soil Vapor Extraction Testing 
Pneumatic Fracturing Operations 
Post Fracture Soil Vapor Extraction 
Testing (short duration tests) 
Post Fracture Soil Vapor Extraction 
Testing (long duration test) 

4.3 Site Layout 

Date(s) Performed . 
April27- 29, 2000 
April 29, 2000 
May 1, 2000 
May 1 - 4, 2000 

May 4- 23, 2000 

The Granville Solvents Site is located at 300 Palmer Lane in Granville, Ohio. The Site, 
which is on a I .5-acre triangular shaped lot, is located approximately one-third of a mile 
southwest of downtown Granville. 

Figure 1 shows the location of the pilot test relative to the Granville Solvents site 
property limits. Included in Figure I are the locations of some pre-existing monitoring 
weBs which were measured for vacuum influence during one of the short duration, post 
fracturing SVE tests. A detailed schematic of the pilot test area is presented in Figure 2 
showing the locations of the fracture and monitoring wells used dUring testing. 

5.0 WELL INSTALLATION 

For application of the PF technology, th~ installation of two (2) fracture wells was 
required. To evaluate the influence of fracturing upon SVE processes, the original work 
plan proposed the installation of seven (7) monitoring wells at various distances 
surrounding the PF wells, all screened from 5 to 15 feet bgs. 

Operating under a subcontract to Metcalf and Eddy, Wright Drilling Co. from Mount 
Sterling, Ohio installed the fracture and monitoring wells using a hollow stem auger rig 
following the installation specifications outlined in the pilot test work plan. This 
included the recovery of continuous split-spoon samples from all monitoring well 
locations. These cores were logged and then screened for volatile organic compounds 
(VOCs) using a photo-ionization detector (PID) which was supplied byARS. Logging 
and sampling was performed by personnel from both ARS and M&E. All boring logs are 
pr-esented in Appendix A . 

. . . 
e·e; ARS Technologies, Inc. 
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Geologic information obtained from boring logs taken at the Granville Solvents Site prior 
to this study suggested that clay was present in the area of the pilot test to depths greater 
than 15 ft bgs. Based on this information, the installation instructions described in the 
pilot test work plan specified well completion depths to 15 ft bgs. All seven monitoring 
wells (VP-1 through VP-7) were installed according to this work plan at locations shown 
in Figure 2. During installation, however, it was discovered that competent clay existed 
to depths no greater than 10 feet bgs (see boring logs, Appendix A-1). Subsequent site 
mec~tings with M&E personnel resulted in changing the locations of wells proposed in the 
work plan to target the shallow clay layer. This action resulted in the decommissioning 
of wells VP-5 and VP-6, the addition of wells VP-9, VP-10, VP-11, VP-12, and the 
installation of wells VP-8 and VP-1 W. 

Wells VP-8 and VP-1 Ware located outside the immediate area of the test zone and were 
used as exploratory boreholes to determine whether the west or north sides of the 
abandoned warehouse would be more suitable for the pilot study. These boreholes 
indicated that sand and gravel were present at depths as shallow as 6 and 4 ft bgs, 
respectively, in those areas. The change to the work plan also resulted in a change to the 
PF well locations. These new locations were selected to maintain a minimum distance of 
15 feet from existing monitoring well locations, while keeping the proposed monitoring 
weU layout as much intact as possible. Figure 2 shows the location of both the original 
and final PF well locations. The new test area configuration resulted in the placep1ent of 
PF-1 at the base of a steep grade. Geotechnically, fractures will tend to propagate away 
from the slope due to lower overburden pressures in that direction. For this reason, no 
monitoring wells were installed north ofPF-1. 

The resulting pilot test work area consists of four (4) wells targeting the shallow clay 
units(< 9ft bgs), and five (5) wells which extend to depths greater than J 0 feet bgs where 
sand and gravel soils are found. Screen intervals for all monitoring wells and completed 
PF wells are presented in Table 2. 

~~ ARS Technologies, Inc. 
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Table 2. Depths of well screens for PF and monitoring wells . 

Well 

VP-1 
VP-2 
VP-3 
VP-4 
VP-7 
VP-8 
VP-9 

VP-10 
VP-11 
VP-12 
VP-13 
PF-1 
PF-2 

Depth of Screen (ft 
bgs) 

5-15 
4-14 

4.3-14.3 
5- IS 
6-16 
5-20 
4-8 

4.5-7.5 
4-8 
4-8 
4-14 
4-7.5 
4-7 

6.0 PRE-FRACTURE TESTING PROCEDURES 

In order to assist in the evaluation of the PF activities, Soil Vapor Extraction (SVE) tests 
were conducted prior to, and immediately following fracturing. By comparing the pre­
and post fracture data obtained from these tests, the success of Pneumatic Fracturing 
towards increasing the subsurface bulk air permeability within the target zone at the 
Granville Solvents Site can be quantified. 

6.1 Soil Vapor Extraction 

Using a skid-mounted vacuum blower unit (consisting of a IOHP positive displacement 
blower capable of producing a vacuum of up to 13 inches mercury (in. Hg) and extraction 
flow volumes up to 100 scfm), a pre-fracture SVE test was performed in the test area in 
well VP-1 0. Air extraction flow rates were measured using Accutube (Meriam 1.5 inch 
and 2 inch diameter, Model 1Oft.) flow meters. Dilution flow rates were made using the 
same Accutube flow meters and an ERDCO ( 1.5 - 15 SCFM) flow instrument. Vacuum 
measurements were made using both Dwyer "Magnehelic" brand gauges and a Dwyer 
digital manometer (Series 475 Mark II). A process schematic of the SVE system used for 
testing is shown in Figure 3. 

During the first 2. 75 hours of the test, a source vacuum of 10 in.Hg was applied to the 
formation. This vacuum was then increased to 12.5 in. Hg for the remaining 2.5 hours. 
During this test, vacuum influence was monitored at the surrounding network of 
monitoring wells and the adjacent PF wells. The results of this test are presented and 
discussed in Section 9.2.1. 

..... 
• ARS Technologies, Inc. 
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7.0 PNEUMATIC FRACTURING OPERATIONS 

7.1 Pneumatic Fracturing Procedures 

Pneumatic Fracturing operations were performed on PF-1 and PF-2 on May 1, 2000. A 
single injection was applied in each well respectively. Each fracture event consisted of a 
15-second injection interval and encumbered a discrete 30-inch linear interval within the 
borehole from 3.3 to 5.8 ft (PF-2) and 3.7 to 6.2 ft (PF-1). The intervals were sealed 
using pneumatic packers which were inflated above and below the target zone. 

During each injection, data parameters including pneumatic pressure influence at 
swTounding monitoring points, ground surface heave measurements and visual field 
observations were made and recorded. Additionally, the pressure in the injection interval 
was logged electronically using a pressure transducer and datalogger system for later 
analysis and evaluation. A mechanical gauge with a drag arm, located at the well head 
also recorded the fracture initiation pressure. 

~ 1.1 Fracture Initiation and .\fainlenance PresSZD't!s 

During each injection, a pressure transducer was located in-line with the high-pressure air 
supply conduit leading to the down-well fracturing tool. This transducer measured 
pressure within the supply line every second during the injection. Critical data obtained 
from the pressure transducer includes the fracture initiation pressure and the fracture 
maintenance pressure. The fracture initiation pressure represents the pressure at which 
the formation yields (or fractures). This variable is also recorded by a mechanical gauge 
with a dragann that is installed at the wellhead and acts as a backup in case the pressure 
transducer fails to record during injections. The fracture maintenance pressure represents 
the pressure required to overcome overburden stress and dilate induced fractures. The 
graphical representation of this data plotted over time provides insight on the in situ 
stresses of the formation as well as a confinnation that fracturing occurred. 

7. 1. 2 Pressw-e Influence at Adjacenl Wells 

During pneumatic injections, pressure gauges were installed at each of the monitoring 
wells surrounding the injection point, as well as the other PF weJl. By monitoring the 
pressure influence in this manner, information about the horizontal and vertical 
orientation of fractures, extent of the fracture network overlap between the two PF wells, 
•md the understanding of pressure influence within the formation can be attained. In 
addition to quantifying the performance of Pneumatic Fracturing, the understanding of 
prf:ssure influence within the fonnation can be attained. Each gauge is equipped with a 
drag ann indicator that detects the maximum pneumatic pressure at that well during the 

·.·.·.· 
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injections. This data is used in quantifying the degree and orientation of fracture 
propagation and connectivity with surrounding wells. 

i: 1.3 Ground Surface Heave Monitoring 

Crround surface heave measurements were taken during each injection using surveying 
transits in conjunction with heave rods. The heave rods were placed adjacent to the PF 
weJJ being fractured, and also 11 feet from the fracture well. During each pneumatic 
injection, the rods were monitored with the survey transit to detennine the maximum 
amount of upward motion (surface heave), and the post injection resting position, or 
permanent displacement, of the ground surface (residual heave). For most applications, 
ground surface heave monitoring data normally serves as secondary data to quantify 
fracture propagation. 

8.0 POST FRACTURE TESTING PROCEDURES 

Following Pneumatic Fracturing activities. a series of SVE tests were conducted to assess 
both short and long term effects fracturing had on formation permeability. 

8.1 Soil Vapor Extraction 

A total of seven (7) post fracture SVE tests were performed in the target zone using wells 
VP-10, VP-11, VP-8, PF-1 and PF-2 respectively. 

The first test was performed in well VP-1 0 and was conducted in a similar manner as in 
pre-fracture testing. A vacuum of 10 in. Hg was applied for 2.5 hours and then increased 
to 12.5 in. Hg for the remaining 2.25 hours of the test. Throughout the test, vacuum 
influence was monitored in all surrounding monitoring and PF wells. 

Subsequent testing was performed in wells PF-1 and PF-2. Both tests were initiated with 
an induced vacuum of 10 in. Hg. At well PF-1, 10 in. Hg was applied for 2.8 hours and 
then increased to II in. Hg for 3 hours. The SVE test in well PF-2 was run overnight but 
also began with an induced vacuum of 1 0 in. Hg. This vacuum was maintained for 5 
hours and then increased to 11.5 in. Hg for the remaining 16.75 hours. 

During the pre-fracture testing and during the first three post-fracture tests, no vacuun1 
influence was observed in VP-11. To determine if any connection could be made, a 
vacuum of I 0 in. Hg was applied at well VP-11 for 2 hours and vacuum influence was 
recorded from all other monitoring wells. 

.... 
IIi ARS Technologies, Jnc. 
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Well VP-8 was installed as a exploratory tool to determine the geology on the north side 
of the warehouse building. This well was completed with a screened interval from 5 ft to 
20 ft bgs. Two tests were performed in this well to observe response in the formation 
from testing the lower, more permeable units. During the first test, a. vacuum of 7 -I 0 
inches of water column was applied to the wellhead for a duration. of 15 hours to observe 
the rate and magnitude of vacuum influence around the site. The second test was 
conducted over 1.25 hours and involved increasing the flow rate from the formation in 
three steps. Reaction of the formation was monitored by progressively increasing the 
vacuum applied to the wellhead from 1.6 to 8.6 inches of water column. 

The final SVE test involved extracting air simultaneously from both wells PF-1 and PF-2. 
A vacuum of I 0 in. Hg was applied to the formation and was monitored for 20 days by 
M&E personnel to determine long term response of the system. 

During all of these SVE tests, extraction and dilution flow rates were made using 
Accutube flow meters. In addition, concentrations of volatile organic compounds were 
measured using a PID instrument to allow for the calculation of mass removal rates. 

9.0 PROJECT RESULTS 

9.1 Geology 

During the installation of all monitoring wells, continuous split-spoon samples were 
taken and logged by both Metcalf and Eddy and ARS personnel. Contrary to original 
speculation, competent clay was not found continuously to depths greater than 9 feet 
below ground surface. Gravel and sand are generally found starting at 9 to l 0 feet below 
ground surface within the test site and become shallower towards the west. The gravel is 
poorly sorted and sub-angular. At surface, the till is weathered to depths of 
approximately 2 ft bgs, consisting of small amounts of sand and silt. Beneath the 
weathered zone is a reddish brown silty clay with small seams of sand and gravel. The 
clay is non-plastic, brittle, with a silt content of approximately 20 percent. 

9.2 Pre--Fracture Testing 

9.2.1 Soil Vapor Extraction 

Pre-fracture SVE testing was conducted on monitoring well VP-10 on April 29, 2000. A 
vacuum of 10 in. Hg was applied to the formation for 2. 75 hours and then increased to 
12.5 in. Hg for an additional 2.5 hours. All monitoring wells were measured throughout 
the test for vacuum influence using a digital manometer (Dwyer Series 475 Mark II). All 
data collected is presented in Appendix B. 

~~ ARS Technologies, Inc. 
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During the test, vapor extraction flow rates were monitored using a 1.5-inch and 2-inch 
diameter Accutube flow meters which were placed in-line with the extraction hose. By 
measuring the pressure differential across the Accutube using Magnehelic brand pressure 
gauges, the flow could be calculated using empirical equations supplied by the 
manufacturer. 1.5-inch and 2-inch diameter Accutube flow meters were also used to 
determine the flow rate entering the dilution valve. This valve is used to control the 
amount of applied vacuum in the extraction well by allowing passive air to enter the 
blower unit. An ERDCO flow meter (1.5- 15 SCFM) was used to measure flow entering 
through the relief valve. This valve is a safety feature and prevents the blower unit from 
generating too high of a vacuum and potentially overheating. 

At a vacuum of 10 in. Hg, the formation produced an average flow of approximately 32 
SCFM, as calculated using the Accutube flow equations. After 30 minutes from the start 
of the test, flow rates appeared to rise substantially. With subsequent testing however, it 
was discovered that a coupling on the Accutube meter was leaking which attributed to the 
increase in apparent flow rates. This results in a loss of flow data from 0.5 to 2.3 hours 
into the test. Passive air flow rates remained relatively small (<23 SCFM) during the 
initial stages of testing and leveled off at approximately 44 SCFM one hour into the test. 
Based on flow measurements taken before and after the period when the Accutube valve 
was leaking and based on dilution valve flow rates during the period, it was conducted 
that the flow rate remained within the range of27 to 33 SCFM. 

After 2. 75 hours, the vacuum was increased to 12.5 in. Hg. Flow rates from the 
formation averaged 25 SCFM but rose to 3 I SCFM after 5 hours had elapsed. Passive air 
flow rates from the dilution and relief valves, remained relatively constant between 53.7 
and 55.7 SCFM. 

Vacuum influence was observed immediately after the start of the test in the majority of 
monitoring wells. Measurements as high as 0.225 in. H20 were made in well VP-9 
immediately after the vacuum was induced. Influence was also measured at 
distances greater than 30 ft (VP-2), resulting in a very large radius of vacuum influence 
extending outside of the study area. With time, vacuum influence in some well locations 
rose from non-detect levels to 0.03 in. H20. In general, response remained relatively 
constant indicating that steady state conditions were quickly achieved. 

The increase in vacuum to I2.5 in. Hg produced an immediate increase in vacuum 
influence in monitoring wells within 20 feet of the extraction well. After 2 hours, all 
monitoring wells experienced an increase in vacuum with a maximum measured increase 
of 0.09 in. H20 (well VP-9). 

After 5.25 hours, the vacuum was reduced to I 0 in. Hg and the area surrounding the 
extraction well was sprayed with water to observe the effects water infiltration may have 
on extraction flow rates. Results show that flow rates began to decline, and after 20 
minutes, had fallen more than I 0 SCFM . 

. . . 
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Assuming that steady state conditions were achieved at later times for each applied 
vacuum, and assuming an outer boundary condition of 0.01 inches of water column, the 
maximum radius of vacuum influence and the bulk air penneabilitY of the fonnation were 
calculated. The boundary condition ofO.Ol inches of water column was selected because 
it is within the accuracy of the gauges used to measure vacuum influence. To estimate 
the maximum radius of vacuum influence, the vacuum reading at each monitoring point 
from the shallow zones of the formation was plotted against the log of its radial distance 
from VP-1 0, and the linear section extrapolated to zero vacuum (Figure 4). 

Figure 4. Vacuum versus radial distance from extraction well. 
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Based on AFCEE test protocols, the following equation was used to calculate the bulk air 
permeability under vacuum conditions for the formation within the pilot test area: 

k = Ouln {Rw/R,) where; 
H1tPw[l-{Pam/Pw)2

] 

k = soil gas permeability (cm2
) 

~ = viscocity of air (1.8 X 104 poise at 18°C) 
Q = volumetric flow rate from the vent well (cm3/s) 
Patm = ambient pressure (at sea levell.013 x 106 g/cm-s2

) 

Rw = radius of extraction well (em) 
H = screen thickness (em) 

·. ·.·.· 
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R1 
Pw 

= 
= 

maximum radius of vacuum influence at steady state (em) 
absolute pressure at the extraction well (g/crn-s2

) 

This formula was derived for a homogeneous medium which is not necessarily the case in 
a clayey till as found at the Granville Solvents Site. For calculation purposes the soil was 
.e.assumed homogenous and a value of 19.7 ft (as extrapolated from Figure 4), was used 
as the radius of influence. This is a conservative estimate using only wells that are 
screened in the upper clay zone. 

1be pre-fracture bulk air permeability value, determined from the vac:uum data when the 
formation was subjected to 12.5 in. Hg, was 2.79 x 10"8 cm2

. When the formation was 
subjected to a vacuum of I 0 in. Hg, an effective radius of influence of 18.05 ft was 
estimated usin~ the same procedure as above, and results in a bulk air permeability of 
3.82 x I o·8 em . These values compare favorably and seem reasonable for a shallow till 
deposit with significant percentages of sand and gravel content. 

Vapor concentrations were monitored throughout the test by sampling the effluent of the 
blower unit using a PID instrument (HNU System Inc., Photonizer/Datalogger, model 
DL-101) supplied by ARS. At an induced vacuum of 10 in. Hg, concentrations 
consistently rose over time to levels as high as 29.2 ppmv. At a vacuum of 12.5 in. Hg, 
the concentrations increased to 38.6 ppmv and rose steadily over the duration of the test. 
reaching a maximum concentration of 44.4 ppmv. The concentration level decreased to 
3 5 ppmv once the vacuum was reduced back to 1 0 in. Hg. 

Assuming that PCE was the predominant volatile organic compound measured with the 
PID instrument, mass removal rates were calculated. Given a molecular weight of 
166g/mol and averaging the flow rates and PID measurements over the first 2.3 hours of 
the test when a 10 inch Hg vacuum was applied, a mass removal rate of 0.53 Kg/day was 
calculated. Using the same calculation method. an increase in mass removal rate to 0.95 
Kg1day was observed during the time that the formation was subjected to a 12.5 in. Hg 
vacuum. Mass removal rates were calculated by taking into account the passive dilution 
air that was entering the blower unit through the dilution and relief valves. 

9.3 Pneumatic Fracturing 

9.3.1 Data and Results 

PF injections were performed in wells PF-1 and PF-2 on May 1, 2000. Table 3 provides 
data collected during each injection including the injection interval, injection duration, 
injection set pressure, fracture initiation pressure, and surface heave data. Each of the 
parameters monitored during fracturing serves to quantify the effectiveness of the 
pneumatic injections. 

·. ·.· ... 
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Table 3. Data from Pneumatic Fracturing Process 
Injection Well Depth Injection Injection 

Interval Duration Set 
(ft bgs) (sec) Pressure 

(psi) 

1 PF-2 3.3- 15 250 5.8 

2 PF-1 
3.7-

15 250 6.2 

9. 3. 2 Analysis and PresstO"e Transducer Data 

Fracture Fracture 
Initiation Maintenance 
Pressure Pressure (psi) 

(psi) 

92 NIA 

100 NIA 

During each injection, the pressures in the injection interval are recorded by a pressure 
transducer located in-line with the conduit leading to the injection zone. These pressures 
are transferred to a data logging system which is located in the fracture trailer. During 
the tirst injection, a wire was dislodged from this data logger unit resulting in the loss of 
data during this injection. This problem was corrected and a pressure curve was 
successfully collected for the second fracture attempt. By analyzing both the magnitude 
and shape of this curve and comparing it to prior applications in similar geology, an 
assessment of fracture effectiveness can be made. This information provides two critical. 
measurements; the fracture initiation pressure and the fracture propagation pressure. The 
fracture initiation pressure is also recorded using a mechanical gauge with a drag ann at 
the well head. The recorded fracture maintenance pressure is an average over the 
propagation time. 

The time-history curve collected during injection at PF-1 is presented in Figure 5. This 
curve does not indicate a distinct initiation pressure that is typically seen during 
fracturing propagation. Large overburden pressures which cause the"'! distinct initiation 
pressures were not present during injections at the Granville Solvents Site due to the 
shallow nature of the injection wells. 

Three distinct plateaus are seen in the curve in Figure 4. These plateaus may represent 
the fracturing of the clay and subsequent dilation of existing preferential pathways. Near 
surface, the formation is weathered and may have a higher permeability than at greater 
depths (>4 ft). The dilation of existing pathways would account for measured surface· 
heave and increases in penneability which are seen in subsequent data sets. 

·. ·.·.· 
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Figure 5. Pressure versus history curve recorded during injection at well PF-1 
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Daylighting was observed approximately 9ft from the well in a north-east direction 
during injection at PF-2 (The term "daylighting" is referred to fractures which propagate 
to, and intersect ground surface). These types of fractures are usually identified by soil 
and debris being expelled from the ground at a concentrated point. If pressurized air 
moved along an existing pathway to surface, it could be mistaken for a daylighting 
fracn.rre. No daylighting was observed during injection at PF-1 and is confinned by the 
lack of an abrupt pressure drop along the curve in Figure 5. When daylighting occurs, 
high pressurized air within the well will preferentially flow towards atmospheric 
conditions at the surface. This causes a significant drop in the pressure within the well, 
and is subsequently recorded by the pressure transducer. 

9.3.3 Ar.alysis of Pressure 1'!/fuence 

During each injection, pressure gauges were installed at each of the monitoring points 
and the adjacent PF well. The pressure influence readings during the fracturing are 
presented in Table 4. · 

.... . . . 
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Table 4. Pressure influence during pneumatic fracturing operations. 
Pressure Influence during Injections (psi) 

- N - N M -.:t" tr\ \0 t--- 0\ 
I I I I I I I I I I 

t.. t.. c.. c.. c.. c.. c.. c.. c.. c.. 
Injection c.. 0.. > > > > > > > > 

1 ND ND ND ND ND ND ND ND ND ., 0.1 ND ND ND ND ND ND ND ND .. 
Note: Injections correspond to depth intervals in Table 3 
NO - Not Detected 

0 - N - - -I I I 
0.. c.. 0... 
> > > 
ND ND 0.25 
ND ND ND 

Minimal pressure influence was observed during either injection at the Granville test site. 
During the first injection, conducted in well PF -2, a pressure of 0.25 psi was observed in 
weiJ VP-12. No other wells indicated pressure influence. The Jack of response is due to 
the shallow depth intervals that were targeted. From prior studies of pneumatic and 
hydraulic fracturing, fracture propagation will naturally rise with distance from the 
injection point. This was evident at the site by the daylighting of a possible fracture at 
approximately 9ft from the injection interval in a north-easterly direction. VP-12 is the: 
only well in the site configuration that is located within a l 0-foot radius and therefore is 
the only well showing any pressure response. 

In addition, all monitoring wells installed at the test site were completed with the 
screened section located at least 4 feet below ground surface. The upper 3.5 to 4 ft 
section of the well was cement grouted to secure the wells. Since the fracturing interval 
in well PF-2 was from 3.3 to 5.8 feet bgs, any fractures which may have propagated 
further than 9 feet at shallow depths, would not have influenced a monitoring well at that 
location since they would be located above the screened interval. 

These same arguments can be made for the second injection that occurred in well PF- I. 
During this injection, a pressure response of 0.1 psi was observed in PF-2 that may 
indicate that fracture connection between the two injection points had occurred. 

9.3. 4 Discussion ofSwface Heave Data 

Surface heave monitoring serves to provide supplemental evidence to support fracture 
propagation during pneumatic injections and after injections are terminated. In both 
cases, ground surface heave was measured directly adjacent to the well being fractured, 
as well as I I feet radial distance. Heave adjacent to PF wells I and 2 during injections 
were 0.065 ft and 0.08 ft respectively. At a distance of 11 ft during injections, heave of . 
0.02 ft was measured for well PF-1 and 0.03 ft for PF-2. 

·.· .· .· 
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Residual heave was also measured adjacent to the fracture wells during both injections 
and values of 0.02 ft and 0.03 ft recorded at wells PF-1 and PF-2, respectively. No 
residual heave was measured at II ft radial distance from the well. This data is 
summarized in Table 5. 

Tab1e 5. Ground surface heave measurements during Pneumatic Fracturing injections 

Injection 

1 
2 

ND - not detected 

Maximum Surface Heave (feet) Residual Surface Heave (feet) 
1 foot from 11 feet from 1 foot from 11 feet from 
wellhead wellhead wellhead wellhead 

0.08 0.005 0.03 0 
0.065 0.001 0.02 0 

The residual heave measured adjacent to the injection wells PF-1 and PF-2 indicates that 
fracturing or dilation of existing pathways had taken place. The residual heave data from 
distances of 11 feet from the injection point, combined with daylighting observed during 
the first injection and the lack of pressure influence observed in the monitoring wells, 
suggests that the fractures did not propagate further than 1 0 feet from the injection points. 

9.4 Post Fl"3cture Testing 

9.1.1 Soil Vapor Extraction 

The following sections discuss the post fracture SVE tests conducted at the Granville 
Solvents test site. All data sheets are located in Appendix B. 

The calculated values for bulk air permeability and mass removal rates for both the pre·· 
and post-fracture SVE tests conducted during the pilot test at the Granville Solvents Site 
are summarized in Table 6. Subsequent sections of this report discuss each post-fracture 
SVE test in more detail. · 

... 
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Table 6. Bulk air penneability and mass removal rates for all pre- and post­
fracture SVE tests conducted at the Granville Solvents Site. 

Extraction Well Applied Bulk Air Mass Removal 
Vacuum Permeabifity 

[inches Hg] [cm2
] Kg/day 

VP-1 0 (pre-fracture) 10 3.82 X 10E-8 0.499 
12.5 2.79 X 10E-8 0.899 

VP-10 (post-fracture) 10 4.42 X 10E-8 0.250 
12 3.22 X 10E-8 0.192 

PF-1 (post-fracture) 10 5.4 X 10E-8 0.037 
11 5.08 X 10E-8 0.028 

PF-2 (post-fracture) 10 4.09 X 10E-8 0.558 
11.5 5.05 X 10E-8 0.822 

VP-8 {post-fracture) 0.67 nla 1..92 
PF-1 & PF-2 (post-fracture) 10 1.27 x 1oe-r 0.473 
PF-1 & PF-2 (post-fracture) 10 1.35 X 10E-7** 0.473 
• effectrve rad1us of vacuum 1nfluence calculated us1ng PF-1 and closest monrtonng wells 

- effective radius of vacuum influence calculated using PF-2 and closest monitoring wells 

9.4.1.1 Well VP-10 

The first post fracture SVE test was conducted in well VP-1 0 in a similar manner as the 
pre-fracture test. A vacuum of I 0 in. Hg was maintained on the fonnation for 2.5 hours 
and then increased to 12.5 in. Hg until 4. 75 hours had elapsed. 

Pre-test measurements in a majority of the surrounding monitoring wells indicated a 
slight pressure anomaly, which may be due to trapped gases created by the fracturing 
process. Once the vacuum was initiated, all wells except for well VP- I I and VP- I 2 
experienced vacuum influence. The magnitude of influence was as much as 
0.3 in. H20 in well PF-1. This is an improvement to pre-fracture conditions and suggests 
that fracturing had increased the connectivity with PF -1. After 2 hours, monitoring wells 
within the vicinity of the extraction point indicated an increased vacuum influence up to 
0.08 in. H20 (well VP-9). 

Extraction flow rates measured during the first two hours of the test indicated an average 
increase from approximately 32 SCFM during pre-fracture conditions to 37 SCFM during 
post fracture testing. 

After 2.5 hours the induced vacuum was increased to 12.5 in. Hg. Measurements made 
in. surrounding monitoring well locations immediately after the vacuum was increased, 
indicate a similar response to pre-fracture conditions. Extraction flow rates remained 
relatively constant at the increased vacuum of 12.5 in. Hg, with a ·:alcuJated flow of 
approximately 37.5 SCFM. 

·. ·.·.· 
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.. 
Using the same methods as outlined in Section 9.2, values of effective radius of influence 
and bulk air permeability were calculated. An effective radius of influence for induced 
vacuums of 10 and 12.5 in. Hg were extrapolated to 18 and 16.4-feet, respectively. Using 
the equation in Section 9.2, a bulk air permeability value of 4.42 x 10"8 cm2 was 
calculated for the formation when subjected to a vacuum of 1 0 in. Hg. When the applied 
vacuum was increased to 12.5 in. Hg, a value of3.22 X 10"8 cm2 for bulk air permeability 
was calculated. This indicates that only a minor increase in bulk air permeability 
occurred at location VP-1 0 from pneumatic fracturing activities. However, a major 
rainfall event occurred near the start of the post-fracture test ofVP-10. It is likely that the 
rainfall filled fracture voids and prevented the accurate measurement of post-fracture 
permeability. 

Mass removal rates, calculated in a manner similar to pre-fracture testing, suggest that 
water infiltration was affecting the test. Under a I 0 inch Hg vacuum, mass removal rates 
dropped from 0.42 Kg/day in pre-fracture conditions to 0.21 Kg/day during post-fracture 
testing. When the vacuum was increased to a 12 in. Hg vacuum during the post-fracture 
test. the rate of mass removal dropped even further to 0.16 Kg/day. Tbis discrepancy in 
data is attributed to water infiltration that would effect flow within the formation. 
Precipitation began at the start ofthe test and continued throughout its" duration. 

9.4.1.2 PF-1 

SVE testing was conducted at PF-1 on May 3, 2000 over a 6-hour period. A vacuum of 
10 in. Hg was applied to the formation for 2.8 hours and then increased to ll in. Hg for 
another 3 hours. Vacuum influence was seen in all wells within 15 feet of the extraction 
well with the largest measured influence of 0.25 in. H20 in well VP-9, located 5.25 feet 
from the extraction well. Vacuum fluctuations were observed in wells VP-2 and VP-4 
which are located greater than 35 feet from the extraction well. These fluctuations could 
be due to the large distances and the sensitivity of the gauges used to measure the low 
vacuum. 

An increase in vacuum to I I in. Hg resulted in little change to the system. Minimal 
change occurred in recorded values of vacuum influence except in well VP-9. At this 
location the vacuum increased from 0.25 in. H20 to 0.33 in. H20. 

Extraction flow rates remained constant between 31 and 35 SCFM throughout the test. 
During a vacuum of II in. Hg, the extraction flow rate showed less fluctuation and 
ranged between 34 and 35 SCFM. 

An ••effective" radius of influence of 16.4 ft and 2I.l ft was extrapolated for the 
fiJrmation at vacuums of 10 and 11.5 in. Hg, respectively. Using these distances, bulk air 
penneability values of 5.4 x 10"8 cm2 and 5.08 x 10"8 cm2 are calc:ulated. As in the 
previous test, the values of mass removal dropped from 0.03 Kg/day to 0.02 Kg/day 
when the vacuum was increased. This drop however, is attributed to the malfunctioning 

·. ·•· .. 
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of the pumps to remove the standing water in the extraction well. At the end of the test, 
1. 7 feet of water was found in the extraction well. 

9.4.1.3 PF-2 

An SVE test was performed on well PF -2 on May 2. 2000 over a period of 21.75 hours at 
induced vacuums of 10 and 11.5 in. Hg. Measurements of vacuum influence made 
immediately after initiating the test indicate response in all wells except for VP-11 and 
VP-12. Minimal response was measured in PF-1 and subsequently fell to non detectable 
values after 2.5 hours. 

During the intermediate stages of this test, the system was repeatedly shut down to 
remove standing water from the extraction wells. The pumps that were initially installed 
were found inadequate for the system design and were ultimately replac:ed. No significant 
changes in vacuum influence could be made during this time and extraction flow rates 
remained relatively constant at 33 SCFM. 

After 5 hours. the vacuum was increased to 11.5 in. Hg and the system was monitored for 
4 hours. At that time little response could be seen in any monitoring wells while 
extraction flow rates remained constant at approximately 32 SCFM. 

The system remained running overnight at an induced vacuum of 11.5 in. Hg. In the 
morning, a vacuum of 1.6 I in. Hg was measured in well VP-12. a significant increase 
from non-detectable levels the night before. Little change in vacuum influence was 
observed in the remaining monitoring wells. 

Effective radii of influence of 16.4 ft were estimated for both the 10 and 11.5 inch 
vacuums. The resulting air bulk permeability values calculated for the 1 0 inch and 1 1 .5 
inch vacuums were 5.05 x 10"8 em: and 4.09 x 10"8 cm2

, respectively. Tnese values are in 
general agreement and attest to the accuracy of the derivation. Mac;s removal at this 
location increased from 0.47 to 0.68 Kg/day for the 10 inch and 11.5 inch Hg vacuums, 
respectively. 

9.4.1. 4 VP-11 

Throughout SVE testing, no vacuum response could be measured in VP-1 I, even when 
the induced vacuum was located within a 1 0 foot radial distance. Therefore, a very 
short SVE test was conducted to determine if any vacuum influence could be achieved. 
On May 4, 2000, a vacuum of 10 in. Hg was induced for 2 hours at well VP-11 and 
vacuum influence was monitored at all surrounding monitoring well locations. 

During the two hours, no influence was measured within any surrounding well locations, 
indicating that no connection was achieved. Extraction flow rates remained constant at 

·. ·.·.· 
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30 SCFM with no influence at radial distances of I 0 ft, which may indicate that there is 
short circuiting to surface or that the vertical permeability is much higher than the 
horizontal permeability. Passive air flow rates as high as 52 SCFM were recorded. 

No air bulk permeability or mass removal rates were calculated for this test. 

94./.5 VP~ 

Two SVE tests were conducted at well VP-8. This well is located to the north of the 
·warehouse building, outside of the immediate test area and is screened from 5 to 20 feet 
bgs, within the lower, more permeable soil. 

The first test was conducted on May 4, 2000 and was monitored for 15 hours. The 
maximum vacuum achieved on well VP-8 was 8.6-inches of water column. Vacuum 
response was immediately measured in all wells except for VP-11 and PF-2. VP-11 
indicated no response while a pressure rise was measured in PF-2. 

After I hour, vacuum monitoring at pre-existing wells that border the perimeter of the 
property (MW-2 and MW-5), indicated influence of 0.02 and 0.05 in. H20 respectively. 
Testing continued until the following morning and was terminated after 15 hours had 
elapsed. At that time, values of vacuum influence in all wells had risen slightly, with a 
maximum influence of 0.22 in. H20 in well VP-007, approximately 35 feet from the 
extraction well. A vacuum of0.44 in. H20 was measured at well VP·-012, however, this 
vacuum dropped to zero when opened to atmosphere and could not be verified in 
subsequent attempts. 

Flow rates during this test remained relatively constant around I 03 SCFM with no 
passive air entering the blower system. One hour after terminating the test, ali 
monitoring wells were measured for vacuum. At this time all vacuum influence had 
dissipated from the formation. The radius of influence based on this test extended 
beyond the boundaries of the site. No bulk air permeability was calculated. 

The second SVE test conducted at well VP-008 was designed as a short "step" test. The 
vacuum induced on the formation was increased every one half hour beginning at 1.6, 
5.5, and 9.5 inches of water column. This resulted in extraction flow rates increasing 
from 39 SCFM to 82 SCFM to 106 SCFM, respectively .. 

During each "step", vacuum influence was monitored at wells VP-007, VP-009, P-1, and 
MW-13. Vacuum influence was observed to increase between both steps with 
approximately an order of magnitude increase occurring between the first two steps. 

No bulk air permeability calculation was made for this test. 
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9.4.1.6 PF-1 andPF-2 

Beginning May 4, 2000, a long term SVE test was conducted where air was extracted 
simultaneously from both wells PF-1 and PF-2. A vacuum of 10 in. Hg was induced on 
the formation and the system was monitored for 20 days by Metcalf and Eddy personnel. 

Using AFCEE test protocols as outlined in Section 9.2, the effective radius of vacuum 
influence and bulk air permeability were calculated. Since air was extracted from two 
wells simultaneously, the effective radius of influence could not be calculated using the 
Jog radial versus vacuum influence approach as was done previously for one source. 
Therefore, two effective radial distances were calculated for wells PF-1 and PF-2 
independently of one another by assuming that influence measured in a monitoring well 
was caused by the closest extraction well. The resulting radii of influence were estimated 
at 24.6 feet for PF-1 and 32.8 feet for PF-2. 

TI1e values of bulk air permeabilit.( for wells PF-1 and PF-2 using the effective radii of 
influence above, were 1.27 x 1 o· cm2 and 1.35 x 10·7 cm2

, respectively. Comparing 
these values with those calculated in pre-fracture testing at well VP-1 0. the post-fracture 
permeability is approximately 4 times as large. This suggests that pneumatic fracturing 
had increased permeability locally in the formation, assuming that steady state conditions 
were reached in both tests. Some of the incre~e in permeability observed over the 20 
day test may have been caused by a drying of the soils. This drying action would open 
more pore space and potentially expand the size of existing fractures. A similar increase 
in permeability might be expected if a non-fractured well head received vapor extraction 
for 20 days. However, the pre-fracture test was conducted on soils that were already 
relatively dry. Rainfall events which occurred just after fracturing, probability altered the 
soil permeability for much of the initial post-fracture testing. The long··term test gave the 
soils a chance to recover the pre-rainfall permeability. 

Averaging the vapor concentrations and the flow rates over the last few days of this test, 
a mass removal rate of approximately 0.473 Kg/day was calculated. This rate is an 
increase from 0. I 92 Kg/day, calculated during the first day of operation and is more 
representative of steady state conditions. 

10.0 CONCLUSIONS 

The PF-SVE pilot test conducted at the Granville Solvents Site in Granville, Ohio 
provided several conclusions which are relevant to future impact of the technology for 
site remediation. 

I. Geologv: Based on soil logging conducted during well installation, it was found that 
gravel and sand units were present at the pilot test area as shallow as 9 feet below 
ground surface and become shallower towards the west. 

.. ·•· .· 
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2. Maintenance Pressure: By examining both the shape and magnitude of the time­
history curve from PF -1, important information can be obtained. The stability of the 
maintenance pressure indicates that fracture propagation remained mainly within the 
low permeable zones of the formation and did not daylight. The average magnitude 
of the maintenance pressure ( -95 psi) is consistent with other applications within 
similar geological formations at this depth. 

Initiation Pressure: Fracture initiation pressures for wells PF-1 and PF-2 as measured 
by mechanical gauges at the well heads, were 92 and 1 00 psi respectively. The time­
history curve for PF -1 does not exhibit a fracture initiation peak and may be attributed 
to the lack of overburden pressures at shallow depths. A similar type curve would be 
expected for PF -2. 

3. Fracture Propagation (Pressure Influence): Measurable pressure influence was 
observed at a maximum distance of 10 feet during the first injection (PF-2). During 
this injection, day lighting was observed at a distance of approximately 9 feet from the 
injection well. The shallow nature of the injections which tend to propagate outward 
and upward minimized propagation distances of the fractures. The lack of pressure 
influence at the adjacent monitoring wells most likely can be attributed to this upward 
propagation. 

During injection at PF -1 , pressure influence of 0.1 psi was measured at PF-2. 
indicating that connection between the two fracture wells had occurred. 

Fracture Orientation: With the lack of measured pressure influence in 
surrounding monitoring wells, it is difficult 10 establish a fracture orientation. 
However, during injection at PF-2, a single well indicated pressure response in an 
easterly direction. Daylighting was also observed in this direction suggesting that the 
fractures propagated towards surface with distance from the injection well towards 
the east. Surface heave measurements made during injection also indicate that 
fractures propagated in a southerly direction. The extent of these fractures, however, 
would have been hindered due to pressure loss caused by the daylighting occurring in 
the east. 

During the injection at PF-2, the presence of a steep incline to the north would 
theoretically suggest that any induced fractures would tend to propagate away from 
the slope. This was confirmed with a small pressure influence in well PF-1 located at 
a distance of 20 feet. Surface heave data also supports this conclusion. 

4. SVE Testing: Direct comparisons between the long term post fracture SVE test and 
pre-fracture testing is difficult due to different test parameters. No significant bulk air 
permeability increase could be measured between pre- and post fracture conditions in 
VP-10. However, if pre-fracture values of bulk air permeability, measured at VP-10 

... 
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are assumed representative of the entire formation in the test area, then comparison to 
values calculated during the long term extraction test in PF-1 and PF-2, 

suggests an increase in bulk air permeability of approximately half an order of 
magnitude from 4.88 x 10"11 cm2 to 1.21 x 10"7 cm2

• These values are calculated under 
a source vacuum of 10 in. Hg. Since no pre-fracture mass removal rates were 
calculated in wells PF-1 and PF-2, ·direct comparison to pre-fracture conditions in 
well VP-1 0 are unrealistic. Mass removal rates between pre- and post fracture 
conditions in well VP-10 show a decrease from 0.42 Kg/day to 0 .. 21 Kg/day. This 
however, is most likely attributed to water infiltration caused by precipitation 

which occurred continuously during the post fracture test. This indicates that at 
shallow depths, weather conditions may impact this type of remedial strategy. This 
effect was confinned by spraying water around extraction well VP-1 0 during the 
latter stages ofthe pre-fracture test which caused extraction flow rates to decrease. 

Using the data generated during the pilot test, it is the overall conclusion of this report 
that the installation of a shallow clay zone SVE system can be effec:ive in treating the 
clay matrix. This is based on evidence showing an increase in the subsurface bulk air 
penneability from 4.88 x 10"8 cm2

, measured during pre-fracture conditions in well 
VP-10, to 1.21 x 10"7 cm2

, measured in wells PF-1 and PF-2 during post fracture 
testing. In addition, an increase in the effective radius of vacuum influence of 250cm 
and 500cm in wells PF-1 and PF-2 between pre- and post fracture conditions was 
observed. Finally. the combined air extraction from wells PF -I and PF -2 after 
pneumatic fracturing activities resulted in flow rates as high as 58 SCFM and mass 
removal rates of 0.4 Kg/day at steady state. 
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CLIENT METCALF 1L EDDY SITE GRANVILLE SOLVENTS 

JOB NO. 2~2 
DAn; DRILLED APRIL 27,2000 

IJRJLUNG Co. Wright DRILLER DensiV Darryl 

!lORING Na. VP-7 DRILLING Mt;THOD '4 AUGER (HAS) 

«iROUND 
WATER TABLE DEYill 

I~LEVATION 

I'IELD SCIENTIST/ Mane Andrew (MILE) ORGANIC VAPOR PID 

ENGINEER Steve Mar1tesic (ARS) INSTRUMENT USED 

Depth Sample I Blows/ I AdvJ I voc SOIL DESCRIPTION Remarks 

(ft) No. 6 inches Recovery (ppmv) 
PID meauremenrs 
(ppmv) 

4" top soil 20% silt 1.4, 1.8 

0 .,, - ... ss· 4 6 l.S' silty clay, brown, firm 10% sand l.9 

s 6 70% 
15%gravel 

2- 4' ss· 5 7 2' Very competent silty brown clay 1.2, 1.2 

9 12 100% few visible fractures, low plasticity 1.5, 8.9 

20% silt, 5% graveVpebbles, 10% sand 
2.9, 6.2 

4- 6' ss 4 9 2' I As above but slightly wetter with larger 15.4,31.8 

,, 

100% sized pebbles [up to !Omm] 
I2 14 

I Silty clay 

6.1, 12.0 

6- 8' ss s 7 2' 
9.1, 6.3 

14 14 100% 
j gravel layer@ 7.5' 

lighter in color than above 

: I 0% gravel, 20% silt, I O%sand I 

8- 10' 16.1, 14.8 ss 4 4 1.5' I very wet 
4 5 75% gravely layer With h1gh sand/slit content 1.8 

large pebbles present >2cm 

reddish brown near top turning to dark brown 

@ bottom of sample 

20% gravel. 20% silt. I 5% sand ; 

ss 5 10 2" <S% same as above 

1 N/A 

• 10- 12' 6 7 

12 - I4' SS' as above 1.1 

5 II 2" <S% 
I 14 16 

2.8, 8.0 

I 

14- 16' , ss· 14 I I I' SO% gravel layer 5.1 

11 I I pebbles from l mm to 3mm 

20% sand, 20% silt 

Screen 16 - 6' bgs. 

Sand 16- 5.5' bgs. 
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CLIENT METCALF .t EDDY SITE GRANVILLE SOL VENTS 
JOB NO. 20-42 DATE DRILLED Apri127, 2000 
DRILLING Co. Wright DRILLER Densii!Danyl 
BORING No. VP-1 DRILLING METHOD HSA 
GROUND WATER TABLE DEPTH 
ELEVATION 

FIELD SCIE!IITIST/ Mark Andrew (M&E) ORGANIC VAPOR PID 
ENGINEER Steve Markesic (ARS) INSTRUMENT USED 

Depth Sample I Blows/ t AdvJ I VOC SOIL DESCRIPTION Remarks 

(ft) No. 6 iacbes Recovery (ppmv) PID measurements 
(ppmv) 

3" Top soil profile to silty clay 0.9, 0.9 
0-2 ss 3 7 1.5 75% weathered silty clay (cl), trace cobble & sand 1.0 
(12:55) 7 8 20% silt, dark reddish brown 
2-4 iss 6 9 2.0 100 Silty clay (cl) as above 18.8, 
(13:00) 10 13 .9- I 
4-6 ss 5 8 2.0 100 Silty clay (cl), dark brown 1.0, 1.5 
(13:03) 14 16 Finn, dense, moist. non plastic 1.0 

10% small gravel, 20% sand, 20% silt 
i 6-8 ss 5 8 2.0 100 

( 13:08) 35 16 High count shattered cobble 1.6, 1.4 
silt clay as above ( 4 - 6) 1.4 

8- I 0 I ss 5 7 1.5 75% 
Sand zone (sm) 8" coarse- poorly sorted 

8 8 
II. 1.6 

(13: l 5) some coarse gravel. 20% silt 1.4 

J0-12Iss 

silty clay ( cl), 50% of sample I 
I 

II 12 1.5 75% 
as above I 

Silty clay with 40% gravel, 20% sand 4,-17,-10 
(13:20) ! 

12 18 20% silt, friable dry 

12- 14 ss 18 8 1.5 75% gravel (gm) - poorly sorted, I 0% cobble : I~ 4.., 
12 I ·"· .... 

(13:26) 10 20% sand, 20% silt, I 0% clay, finn friable 3.1 

14- 16 ss 16 23 0.5 25% drove cobble - no recovery 
(13:35) 32 40 

Screen 5- !5 feet bgs 
Sand 16 - 4.5 feet bgs 

I 

I 

; 
I 
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CLIENT METCALf&: EDDY 

.lOB NO. 2().42 

DRILLING Co. Wright 

BORING No. VP-10 

GROUND 
ELEVATION 

FIELD SCIENTIST/ Mlltt Andrew (M&:E) 
ENGINEER sreve Martesic (ARS) 

Depth S1mple I Blows/ I AdvJ I VOC 
(ft) No. 6 inches Recovery (ppmv) 

; 
i 

I 
I 

I 

I 
I 

I 

I 
I 

SOIL BORING LOGS Page __ I_ of _l 

SITE GRANVILLE SOLVENTS 
DATE DRILLED April 24, 2000 
DRILLER DensiJJ Darryl 
DRILLING" METHOD HSA 
WATER TABLE DEPTH 

ORGANIC VAPOR 
INSTRUMENT USED 

SOIL DESCRIPTION Remarks 

VP - I 0 same elevation as VP - 1 

Main sand in VP-1 at 12' bgs. 
sand in VP- I at 8' bgs. 

VP- I 0 drill to 1.5' bgs. 
screen 7.5- 4.5' bgs. 
sand to 1.5 - 4' bgs. 

I 
I 

I 
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CUENT METCALF .t EDDY SITE GRANVILLE SOL VENTS 
JOB NO. 21>-42 DATE DRILLED April 29, 2000 
DRILLING Co. Wright DRILLER 

BORING No. VP·II DRILUNG M.t;IHUD HSA 
GROUND WATER TABLE DEPTII 
ELEVATION 

FIELD SCIENTIST/ Mllric Andrew (MotE) ORGANIC VAPOR 
ENGINEER Steve Martesic: (ARS) INSTRUMENT USED 

Depth S•mple I Blows/ I AdvJ .j VOC SOIL DESCRIPTION Remarks 
(ft) No. 6 inc:ha Recovery (ppmv) 

5' from VP-6 
sand in VP-6 at I 0' 

drill VP-6 to 8' 

screen 8 - 4 ft. bgs. 

I 

I 

~Ill I 



.. 
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CLIENT METCALF & EDDY SITE GRANVILLE SOL VENTS 
JOB NO. 2().42 DATE DRILLED April29, 2000 
DRILLING Co. Wright DRILLER DensiVDarryl 
BORING No. VP-12 DRILLING METHOD HSA 
GROUND WATER TABLE DEPTII 
E:LEVATION 

FIELD SCIENTIST/ Mllic: Andrew (M&E) ORGANIC VAPOR 
E.NGINEER Steve Martesic (ARS) INSTRUMENT USED 

r··· S•mple I Blows/ I AdvJ I VOC SOIL DESCRIPTION Rem•rlu 
ft) No. 6 inches Recovery (ppmv) 

yp. 12 I' lower than VP-6 
sand at 1 0' - 9' ft. bgs. 

I 
I 

VP-12 I' higher than VP-3 
i sand at 10 - 11 ft. bgs. 

drill to 8' bgs. 

screen to 4' bgs. 

I 

i 
I 

. 
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CLIENT 
JOB NO. 
DIULLJNG Co. 
BORING No. 
GROUND 
ELEVATION 

FIELD SCIENTIST/ 
ENGNEER 

Depth Sample 
(ft) No. 

0-2 ss 
(!2:48) 
2-4 ss 
(12:50) 

4··6 ss 
(12:55) 

6-8 I ss 
(1.3:0.5) 

! 
I 

8. 10 ss 
(13: 15) 

10- 12 ss 
(13:28) 

I 

l2- 14 I ss 
( 13:36) 

METCALF .t EDDY 
Z042 
Wright 

VP-IW 

Marte Andrew (M&E) 
Steve Martcesic: (ARS) 

I Blows/ 
6 inches 

7 14 
II II 
4 8 
8 9 

8 12 
15 IS 

5 9 
13 16 

13 20 
22 28 

13 16 
18 25 

18 20 
20 22 

AdvJ I VOC 
Recovery (ppmv) 

1.5 15% 

1.5 75% 

0.8 40% 

1.0 50% 

0.8 40% 

0 1.5 75Yo 

1.5 75% 

SOIL BORING LOC;S Page _Lof_! 

SITE GRANVILLE SOL VENTS 
DATE DRILLED April 28, 2000 
DRILLER DensiVDarryl 
DRILLING Mt;THOD HSA 
WATER TABLE DEPTH 

ORGANIC VAPOR Pro 
INSTRUMENT USED 

SOIL DESCRIPTION Remarks 
Pro measurements 
(ppmv) 

Silty clay (cl), dark brown .. I 0% sand 0.9, 1.0 
20% silt, finn, dense, dry 0.9 

Silty clay (cl), dark brown trace cobble 1.3, 1.0 
5% small gravel, 10% sand, 20% silt 0.9 
moist, dense, moderate soft 

Sand with 40% gravel, 20% silt 1.2, 1.5 
friable, sub angular'to sub rounded 1.1 

sand & gravel, dark brown friable @7' 
5% cobble. 15% gravel, I 0% silt, friable dry 4.6, 3.6 

sand (sm) with 30% gravel, 10% silt 
friable moist 

I sJity clay (cl), 10% small grnvel, 10% sand I 3.5, 2.1 
20% silt. firm, dense, moist 1.! 

/ sandy at BHC - drill down to confum sand 

1 
drilled cobbles 
Sand with gravel 

EOB- no 
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CLIE!II'T METCALF &. EDDY SITE GRANVILLE SOLVENTS 
JOB NO. 20-42 DATE DRILLED April 27, 2000 
DRILLING Co. Wright DRILLER DcnsiUDarryl 
BORING No. VP·2 DRILLING METHOD HAS 4 1/4 
GROUND WATER TABLE DEPTH 
ELEVATION 

FII:LD SCIENTIST/ Mark Andrew (M&.E) ORGANIC VAPOR 
ENGINEER Steve Markesic (ARS) INSTRUMENT USED 

Depth Sample I Blows/ I AdvJ I VOC SOIL DESCRIPTION Remarks 
(ft) No. 6 inches Recovery (ppmv) 3" split spoons PID measurements 

(ppmv) 

3" Top soil profile to silty clay (cl), dark reddish 6"- l. 7 
0-2 ss 3 5 18" 75% brown trace gravel; sand silt 12"- 1.1 
(08:20) 8 13 moderately firm, moist. dense 18"-1.9 

24"- I. 
30"- 1.4 

I 36"- 1.1 
I 42"- 1.2 I 
: 48"- 1.5 

[moisture 
filled fx] 

:2-4 Silty clay as above, dark reddish brown ss 6 10 2.0 100% 
(08:26:1 

12 15 
trace gravel, I 0% sand. 20% silt 

I 
moderately firm, dense, moist 

II,,.,,,, 
4-6 I ss 5 9 2.0 100% As above - moisture increases at base 

14 15 

Iss s 13 2.0 100% 
I 

6-8 As above - silty clay, 15% small gravel 6"- 2.0 I 
17 20 10% sand, 20% silt, firm, moist. dense 12"-1.6 I 

18" - 1.1 
8- 10 i ss 9 IS 2.0 100% 8 - 9 as above - silty clay 2.4, 4.1 
(08:45) . 17 15 9 - 10 coarse gravel (gm), cobble 

30% sand, I 0% silt. poorly sorted 
sub angular 

zo- 12 I ss 20 14 2.0 100% 10- 12 coarse gravel- poorly sorted II, 9 
(08:55) ' 17 17 30% sand. 20% silt. 10% clay 

not saturated - increase PID reading 
12- 14 ss 16 18 0.2 0% cobble in soil - no recovery 
(09:05) 20 22 

Possible shift in pattern of drawing from orig. 
Layout Orig. con fig. was MWVP to west. 
Drill new hole 5' from PF-002 which rotates 
Drawing 180° 

Screen 4- 14 feet bgs 
Sand 2 - 12 feet bgs 

,, ,,, 
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CLIENT METCALF &. EDDY SITE GRANVILLE SOL VENT 
JOB NO. 20-42 DATE DRILLED April 28, 2000 
DRILLING Co. Wright DRILLER Densil, Darrel L 
BORING No. VP-3 DRILLING METHOD HSA 
GROUND WATER TABLE DEPTH 
E:LEVATION 
F'IELD SCIENTIST/ Mll'lc: Andrew (M&.E) ORGANIC VAPOR Pro 
E:NGINEER Steve Mark:csic (ARS) INSTRUMENT USED 

~~m 
Sample I Blows/ I AdvJ I VOC SOIL DESCRIPTION Remarlu 

I 
ft) No. 6 inches Recovery (ppmv) J PID measurements 

(ppmv) 
3" Top soil profile to silty clay (cl), dark brown 1 t.o. 1.2 

-2 ss 5 5 1.5 25% finn, dense, dry 
1 1.0 

09:.57) 7 7 20% gravel, I 0% sand, 20% silt 
2-4 ss 2 3 2.0 100% Silty clay, dark reddish brown, medium soft, I 1.9, 2.2 
(10:03) dense, trace sand, 30% silt 

; 

2.1 5 9 
4-6 I ss 6 9 1.5 25% Silty clay, trace sand, 30% silt, reddish brown 1.1, 1.0 
(10:07) i 13 14 medium soft, dense, moist 1.2 
6-8 . ss 9 12 2.0 100% 
( 10: 15) i 13 15 Silty clay, dark reddish brown, firm, dense 0.9. 1.0 

I 
moist, 5% small gravel, I 0% sand. 20% silt 0.9 

8- 10 
(10:25) . ss 10 18 1.5 75% 

silty clay as above 13 13 I. 7, 1.0 
1.7 

10- 12 
(10:30) ss 8 16 2.0 100% 

10-10.3 gravel (gm) very poorly sorted 1.7, 2.4 
II 13 20% sand, 20% silt. 20% clay i 3.9 

I 0.3 - 12 firm, dense, silty clay 

( 

measured sand % to base of sample 
12- 14 ss 9 13 2.0 100% Gravel (gm) with cobbles 6.7, 3.4 
10:34) 17 22 25% sand. 20% silt, friable dry 

screen 14-4 ft. bgs 
sand 14-4 ft. bgs 

I 

I 
I 

I 

I 
I 

.. 
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CLIENT METCALF .t. EDDY SITE GRANVILLE SOL VENTS 
JOB NO. 2~2 DATE DRILLED April 27, 2000 
DRILLING Co. Wright DRILLER Densil, Darrel L 
BORIN(> No. VP-4 DRILLING METHOD HAS 
GROUND WATER TABLE DEYTH 
ELEVATION 

FlELD SCIENTIST/ Martt Andrew (M.t.E) ORGANIC VAPOR PID 
ESGINEER Sieve Markesic (ARS) INSTRUMENT USED 

Depth Sample I Blows/ I AdvJ I VOC SOIL DESCRIPTION Remarks 
(ft) No. 6 inches Recovery (ppmv) 

3" Top soil profile to silty clay, dark reddish 1.0, 1.0 
0-2 ss 3 6 2.0 100% brown, trace gravel 1.0 
(10:00) 6 8 sand, 30% silt. finn 
2-4 ss 5 7 2.0 100% Silty clay/silt, dark reddish brown 1.0, 1.0 
(10.05) 9 II some roots, trace gravel, I 0% sand, 25% silt 2.7 

dense moderate fum, moist 

4-6 ss 3 9 2.0 100% As above - weathered till 1.0, 1.0 
(10:08) 

I II 16 0.9 

ss 3 7 2.0 100% Silty clay (cl) till, dark reddish brown 1.0, 1.2 
6-8 I I 0% small gravel, 15% sand, 10% silt 1.9 I 12 20 
(10: 12} firm. dense and moist 

I 

8- 10 ss 16 7 1.0 50% 
Silty clay (cl) with increased small gravel20%, 1.1, 1.4 

(10:20) 8 7 
I 0% sand. 20% silt, 1.7 

1/ .. 
moist zone at mid sample (em 8) 

I 

not as firm or dense as above (9-9.5) 
10- 12 ss 5 8 2.0 100% Gravel, very poorly sorted 1.7, 3. J 
(10:28) II 14 30% gravel, 20% sand, I 0% silt 2.5 I 

I 

i moist, wet I 

12- 14 • ss 9 15 2.0 100% Silty clay (cl) 14.8. 2.5 
(10:35) ! 15 18 10% coarse gravel. 20% sand, 20% silt 1.7 

! firm, dense 
14- 16 I SS 11 20 2.0 100% Gravel (gm) very poorly sorted 7.1, 29.2 
(10:55) I 33 40 20% coarse gravel, 25% sand, 20% silt 3.1 

not saturated 

sand fill 16- !5 ft. bgs. 
screen 15- 5 ft. bgs. 
sand 16- 4.5 ft. bgs. 

I 
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CLIENT METCALF cl: EDDY SITE GRANVILLE SOL VENTS 
JOB NO. 20-42 DATE DRILLED April 28, 2000 
DRILLING Co. Wright DRILLER Dcnsil, Dam:! L 
BORING No. VP-S DRILLING METHOD HSA 
G.ROUND WATER TABLE DEPTH 
ELEVATION 

FIELD SCIENTIST/ Mark Andrew (MetE) ORGANIC VAPOR PfD 
ENGINEER Steve Markcsic CARS) INSTRUMENT USED 

Depth Sample Blows/ I AdvJ voc SOfL DESCRIPTION Remarla 
(ft) No. 6 inches Recovery (ppmv) PID measurements 

(ppmv) 

3" Top soil profile to dark reddish brown, silty 0.9, 0.9 
0-2 ss 4 6 I.S 2S% clay (cl). Trace sand and 25% silt. 0.9, 0.9 
(08: 15) 7 8 finn, dense, moist 
2-4 ss 7 8 2.0 100% Silty clay (cl), dark reddish brown 0.9, 0.8 
(08:22) 10 10 S% gravel, I 0% sand, 20% silt, moist & dense 0.9 
4-6 ss 5 II 2.0 100% Silty clay ( cl) at above 2 • 4 0.8, l.3 
(8:28) 13 16 I.O 
6-8 ss IS IS 2.0 100% 6-7.5 silty clay (cl) as above 1.3, 2 I 
(08:35) II 15 7.S- 8 softer and increased moisture 1.5 

! 18 -9 soft silty clay (cl) zone with increasing 0.8, 1.1 

I moisture. Sand seam at base 2" ±. 2.9 
9. 10 sandy silty clay 

S% small gravel, 30% sand, I 0% silt 

I;J, ', 

I ss 8 13 l.S 2S% 
friable, firm . dense and dry. 

10- 12 
15 16 

10- IO.S Silty clay with gravel 1.9, 2.3 
(08:49) I IO.S- 12 sand with gravel 

I 0% silt. friable :lry, split cobble 

12 - 14 I ss 14 16 2.0 100% sand (sm) with 30% gravel. 20% silt 8.5 •. 3.5 
(08:51) 20 2S friable dry, sub rounded very poorly sorted 8.9 

14- 16 ss 22 19 2.0 100% as above - dry sand & gravel (small • 6m) 6,S,9 
(09:08) ' 20 22 

screen 16- 6 ft. bgs 
sand 16- s.s ft. bgs 

I 
L_ 
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CLIENT METCALF & EDDY SITE GRANVILLE SOL VENTS 
JOB NO. 20-42 DATE DRILLED 

DJULLING Co. Wright DRILLER DensiV Darryl 
BORING No. VP-6 DRILLING METHOD HSA 
GROUND WATER TABLE DEPTH 
EI.EVATION 

FIELD SCIENTIST/ Mark Andrew (M&E) ORGANIC VAPOR PID 
ENGINEER Steve Markesic (ARS) INSTRUMENT USED 

Depth Sample I Blows/ I AdvJ I VOC SOIL DESCRIPTION Remnks 
(It) No. 6 inches Recovery (ppmv) PID measurements 

(ppmv) 

(MW on 3 - 4' apparent file) 1.2, 1.9 
0- 2' ss 4 8 1.5 75% Top soil profile to silty clay ( cl), dark reddish 1.2 
(14:29) 10 13 Brown with I 0% small gravel, 20% sand 

20% silt, finn, dense 1.2, 0.8 
2- 4' ss 7 II 1.5 75% Silty clay (cl) as above, 0.9 
(14:35) 10 12 5% small gravel, 10% sane~ 20% silt 

dark reddish brown, finn, dense, moist 1.0, 1.4 
4- 6' ss 4 8 2.0 100% Silty clay (cl) in situ 2.9 
(14:40) II 14 finn, dense, moist, dark reddish brown, trace 

gravel, I 0% sand. 20% silt 
6- 8' ss 4 8 2.0 100% 1.9, 1.9 
(14:45) II 13 Silty clay (cl). dark reddish brown, 5% small 1.8 

gravel, l 0% sand, 20% silt, firm, dense, moist 
8- 10' ss 12 15 2.0 100% 

3.5, 2.5 
(14:53) 

12 9 
silty clay as above, soft slightly sandy section 1.7 
at 9.5 - I 0', moist- wet 8.5, 15.0 

10- 12' ss 12 13 1.5 20% Gravel (gm) very poorly sorted 6.8 
(15:00) 12 22 damp, 20% sand. 20% silt. I 0% clay 

rock in soil 19.8 
12- 14' ss 17 50/3 1.0 50% Gravel as above, drilled hard at 13' 

3 6 4 4 
14- 16' ss 17 12 2.0 100% Silty clay (cl) 20% gravel, 20% sand 
(I 5: 15) 12 18 20% silt, friable loose. damp 

15 - 5' bgs. - Screen 
16 - 4.5' bgs. - Sand 

·, ' 

'" 



' IJ ~~ I 

ARS Technologies SOIL BORING LOGS Page _I_ of...! 

CLIEST METCALF & EDDY SITE GRANVILLE SOL VENTS 
JOB NO. 
DRILLING Co. 
BORING No. 
GROUND 
ELEVATION 
FIELD SCJENTISf/ 
ENGINEER 

Depth Sample 
(ft:) No. 

20-42 
Wright 

VP·8 

Marte Andrew (M&:E) 
Steve Maricesic (ARS) 

AdvJ 
Recovery 

voc 
(ppmv) 

DATE DRILLED April28,2000 
DRILLER Densil/ Danyl 
DRILLING METHOD HAS 
WATER TABLE DEPTH 

ORGANIC VAPOR PID 
INSTRUMENT USED 

SOfL DESCRIPTION 

3" Silty clay ( cl) 
o -2 l---:-ss=----::3---=7;---::2~.0;:;-·-;I:-;;0~0°~Yc!,...._ ___ ---l 5% gravel, I 0% sand, 20% silt 
( 14: II) 7 II firm, dense, moist 

2 · 4 ss 4 5 2.0- 100% silty clay (cl) dark reddish. brown 
( 14: 16) 1-=-.:,..._--~6---:.;8:;-----------l I 0% large gravel, I 0% sand, 15% sand 

dense, wet 
4 ·· 6 ~~SS~---:;-3--:::-7"""""""":1-:.5=---:7:o:5=-::o/c7"o----~ mid soft- more gravel at base 
( 14:24) . 8 16 silty clay 4 -5 as above 

1

1 sand ... gravel 5 -6 poorly sorted, sub rounded 
6- 8 / 18 Of 0 No recovery 
c 14:30) :....s.:..:

5
:.-----

5----------1 
I SS 8 !2 2.0 _ IOO% Sand & gravel (sm/cm) 

8 .. I 0 1 
20% silt. I 0% clay poorly sorted 

(14:37) r 15 17 
i 

10- 12 i SS 12 16 0·5 • 25% I as above (sand & gravel) 
(14:43) _I ____ 2_0 __ 2_8 _______ ~1 

I as above - poorly soned sand & gravel 
12- 14 _s_s.;..._ __ ~27.,--___,2~0,..--2_.o_-_I_O_O_'Yc_o ____ _, 20% cobble, 20% gravel, 20%sand, 20% silt. 

1 

(14:53) 16 16 ) 20% clay 
: 14-16 SS 27 25 2.0- 100% /as above 
I (15:00) 20 20 
: 16 - I 8 i SS 14 14 2.0 - I 00% as above - moisture increases I (15: I 0) J-----=-9--,1,.-,::2:----------1 

18 -20 SS 8 8 2.0 - I 00% " 
(15:20) 10 14 

" 20-22 ss 5 10 2.0- 100% 
( 15:28) ~----:-:10~---;1-:;-8---------1 as above 

22-24 ss 8 
14 

14 2.0- 100% 
14 

water at 23 .5 
screen 20 -5 ft. bgs. 
drill to water - 15' vadose screen 

emarb 
PID measurements 
(ppmv) 

1.6, 1.2 

1.1,0.9 
1.1, 1.2 

0.8, 0.7 
0.9 

4.5, 17.3 
6.5 

4.5 

4.5. 5.6 

2.4. 4.2 

3.9,4.2 

4.8, 1.5 
9.0 
10, -22, -15 
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CLIENT METCALF 8L EDDY SITE 5' SWOF PF-1 
JOB~O. 20-42 DATE DRILLED APRIL 29, 2000 
DRILLING Co. Wright DRILLER Densil/ Darryl 
BORING No. VP-9 DRILLING METHOD HSA 
GROUND WATER TABLE DEFill 
El-EVATION :· 

FIELD SCIENTIST/ Marte Andrew (M&E) ORGANIC VAPOR 
ENGINEER Steve Martcesic (ARS) INSTRUMENT USED 

Deptb Sample I Blows/ I AdvJ T VOC SOIL DESCRIPTION Kemarks 
(ft) No. 6 inches Recovery (ppmv) 

6" lower than VP-5 
sand in VP-5 at 10.5 
say 10 in #9 

18" higher than VP-7 
sand in VP-7 at 8' 
say 9.5 in #9 

drill to 8' 
4' screen 
4.5 sand 

I foot lower than PF-1 

i 5' depth = PF-1 = 4' in VP-9 
I 

j 'Ill' I 
' 

I 

! 

' -
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CLIENT METCALF&. EDDY SITE GRANVILLE SOL VENTS 
JOB NO. Zo-42 DATE DRILLED APRIL 29, 2000 
DRJLLING Co. Wright DRILLER DensiVDarryl 
BORING No. Pf"~ ·I DRILLING METHOD HSA 
GROUND WATER TABLE DEPTII 
ELEVATION 
FIELD SCIENTIST/ Mart Andrew (M.t.E) ORGANIC VAPOR 
ENGINEER S~ Marlcesic: (ARS) INSTRUMENT USED 

Depth Sample l Blows/ l AdvJ J VOC SOIL DESCRIPTION Remarks 
(ft) No. 6 iac:hes Recovery (ppmv) 

Depth to sand VP-5: )0 .. 5' 
location PF - 1: I' higher than VP-5 

Sand at 11.5 
drill to 9.5- pull out 
leave open 

To- 9.5 feet. 

I 
I 

i 

I 
I 

L J 

I ~I I I j 
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CLIENT METCALF &. EDDY SITE GRANVILLE SOL VENTS 
JOB NO. 2G-42 DAn; DRILLED April 29, 2000 
DRILLING Co. Wright DRILLER DensiVDarryl 
BORING No. PF ·2 DRILLING METHOD HSA 
GROUND WATER TABLE DEPTH 
ELEVATION 

FJELD SCIENTIST/ Mark Andrew (M&.E) ORGANIC VAPOR 
ENGINEER Steve Mlrlcesic (ARS) INSTRUMENT USED 

Depth S1mple ) Blows/ I AdvJ I YOC SOIL DESCRIPTION Re1111rks 
(ft) No. 6 inches Recovery (ppmv) 

6" lower than VP-7 
sand in VP-7 at 8' bgs. 

I' lower than VP-6 
sand in VP-6 at I 0' bgs. 

Same elevation as VP - 00 I 

sand dips down to east 
sand dips up to west 

Drill PF-2 to 7.5' bgs. 

' 
I ''~ ,.! I 

I 

I 
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APPENDIXB 

Methods and Calculations for the 

Sand Unit 

Soil Vapor Extraction Pilot Test, 

Granville Solvents Project, Granville Solvents Site, 

Granville, Ohio. 



AIR PERMEABILITY TESTING 

INTRODUCTION 

On May 4 and June 28, 2000, Metcalf & Eddy, Inc, (M&E) conducted air permeability 

tests at the former Granville Solvents Site on the sandy soils encountered at 

approximately 8 feet below ground surface. The results of the transient air injection tests 

indicated that the unsaturated portion of the sand and gravel unit encountered at 

approximately 8 feet below grade has a bulk air permeability of approximately 1.4 X 10-9 

m 2 or l.fOO darcies, with an equivalent water conductivity of approximately 1.2 x 10° 

cm/s. The results of the steady state vacuum tests indicated that the unsaturated portion of 

the s<md and gravel unit encountered at approximately 8 feet below grade has a bulk air 

permeability of approximately 2.3 x l o-9 m2 or 2300 darcies. with an equivalent water 

conductivity of approximately 1.9 x 10° cm/s. These results are indicative of a very 

permeable soil which can be effectively treated with conventional soil vapor extraction. 

M&E believes that both the transient and steady state tests overestimated the permeability 

of the soils due to well losses inherent in the 2-inch test well and potential air leaks to the 

surface through the less permeable cap soils. 

METHODS 

Principles of Air Permeability Testing 

Both air and water permeability tests are typically conducted by employing an injection 

or extraction well and one or more observation wells located at various distances and 

directions from the injection/extraction well. The blower or pump is turned on, and the 

response to the injection or extraction is periodically recorded at the observation wells for 

the duration of the test. The magnitude of the response and the time r1;:quired to achieve · . 

DRA.FT 
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steady state conditions at an individual well may vary with the distance to the pumped 

wdl and the distribution of geologic heterogeneities. 

Air permeability testing provides data on the air permeability of the tested geologic unit 

or units. The data are also used to estimate the radius of influence of the venting 

configuration, anticipated airflow rates, moisture removal rates, and initial contaminant 

removal rates. Air permeability is typically evaluated using analytical solutions for radial 

flow to a well. The equation used must simulate the boundaries (zones of relative 

impermeability) encountered at the site. Typical boundaries are a fine-grained unit above 

the tested zone, and the intersection of the tested zone with the water table. 

The test methods used here are modifications of Darcy's law and equations for steady­

state radial flow to or from a vent well. The transient solution is based on accurately 

recording the dynamic response of the soil to a constant injection or extraction rate. 

Automatic data loggers are commonly used to obtain this dynamic response data. 

Preparations at the Granville Site 

On May 4, 2000, two steady state tests were conducted at wells VP-8 and MW-Pl. For 

the tirst test, 9.5 inches of water column vacuum was applied to well VP-8 for 15 hours 

beginning May 3. Vacuum measurements were taken at wells VP-1,2.3,4,7,9,10,11 and 

12, at MW-1.2,3 and 5, at PF-1 and PF-2, and at MW-Pl. The second test was conducted 

as a short-term step test. The vacuum applied at VP-8 was increased every half hour, 

beginning at 1.6 inches of water, increased to 5.5 inches, and finally to 9.5 inches of 

water column. Vacuum influence was monitored at wells VP-7, VP-9, VP-13, and MW­

p l. Figure 1 presents the data taken at the end of the 15-hour test. 

Before running the injection tests, vacuum measurements were takt:::n at most of the 

regularly monitored wells, including those wells to be used for the tests. These readings 

confirmed the presence of a subsurface connection between VP-8. the vent w.ell, and the 
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observation wells to be used for the tests. Readings of airflow and vacuum from VP-8 

were also taken. The intake and exhaust lines from the blower were then reversed, so that 

air would be forced into VP-8. Testing at VP-8 (Figure 2) showed that fuJl pressurization 

of the well occurred in 0.05 minutes, approximately 5% of the time required to achieve 

full response at the observation wells. Each test lasted 20 minutes. Air pressure readings 

were taken during the tests at wells VP-1, VP-3, VP-7, VP-8, VP-13, MW-1 and MW-Pl. 

The readings were taken using both automatic and manual instruments. 

Equipment 

For the steady-state tests, data were collected using a Dwyer digital manometer. Pressure 

readings taken during the transient tests were recorded by three PXD-260 10 psi 

transducers manufactured by In-Situ, Inc., of Laramie, Wyoming. The transducers were 

connected to an In-Situ Hermit SE2000 data logger. Occasional readings were also taken 

during the tests with a Dwyer digital manometer. 

The transducers were connected to the wells by securing the l/4-inch npt male threaded 

ends on each transducer to a 1/4-inch female npt fitting on an airtight cap on each tested 

welL A sampling port was installed on a threaded brass tee between ~he transducer and 

the well to allow for corroborative readings with the digital manometer. All connections 

were sealed with teflon tape. 

The Tests 

During the 15-hour steady-state test, readings were taken at the observation wells at 

approximately 1/2-hour intervals for the first 3 hours. A final set of readings was taken 

on May 4. 
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For the transient tests, the Hermit was programmed so that pressure readings were taken 

and recorded on a logarithmic time scale. Readings were taken at the following rates: 

Elapsed Time Sample Interval 

0-20 seconds 0.5 second 

20-60 seconds I second 

1-1 0 minutes 12 seconds 

1 0-1 00 minutes 2 minutes 

The tests were run for 20 minutes. The time required to reach the! highest recorded 

magnitude of response at each well was about 1 minute. 

A total of nine transient tests were run. Some tests were run as the blower was turned off 

(depressurization tests). The wells tested and transducers used are listed in Table I. The 

data from the tests in bold print were used in the air permeability calculations. 

Table 1 

Test Number Type Transducer 1 Transducer 2 Transducer 3 
0 Pressurization VP-8 VP-8 VP-8 
I Pressurization VP-8 VP-8 VP-8 
2 Pressurization MP-1 MW-13 atmosphere 
"' Pressurization VP-13 MW-P1 atmosphere .) 

4 Depressurization VP-13 MW-Pl atmosphere 
5 Pressurization VP-1 VP-3 VP-7 
6 Depressurization VP-1 VP-3 VP-7 

7 Pressurization VP-1 MW-1 VP-7 

8 Depressurization VP-1 MW-1 VP-7 
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Data Collection 

Table 2 lists the data obtained by the Hermit transducers and the digital manometer 

readings taken at each well. 

Table 2 

Well Pressure (Hermit) Pressure (Manometer) 
(inches of water col.) (inches of water •::ol.) 

VP-8 12.8 8.7 
VP-1 0.14 0.17 

VP-3 0.11 0.17 

VP-7 0.18 0.22 

VP-13 0.24 0.16 

MW-P1 0.30 0.30 

MW-1 0.07 NM 

The data show a reasonably good correlation between the two data sets at the observation 

wells. The cause of the variation at VP-8 is likely due to improper setup of the 

transducers at this well. 

Figure 3 shows the response curve for well VP-3, plotted as inches of water column vs. 

the logarithm of time in minutes. The recorded pressure in the well dec:reased after about 

three to five minutes. This may be due to instrument drift, as the later time manometer 

readings indicated that the wells remained pressurized. 

F[gure 4 presents the section of the VP-3 graph used for the air permeability calculations, 

plotted as pressure in g/cm-s1 (P') vs. the logarithm of time in minutes (ln(t)). The time 

interval chosen for each calculation was determined to best represent the response to 

pressurization in each well. A computer generated trendline is displayed, with the 
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equation for the line in slope intercept form. The R 2 value is a measure of how well the 

line fits the data. R2 values for the tests used ranged from 0.7143 to 0.8181, indicating 

reasonably good fits between the trendlines and the data sets. The exception was the 

trendline for well MW-1, with an R2 value of0.2257. The trendline for the MW-1 data 

was not used to calculate permeability. 

Transient Calculation of Permeability 

l11e methods for air permeability are based on those provided by the Air Force Center for 

Environmental Excellence publication Test Plan and Technical Protocol For A Field 

Treatability Test For Bioventing, iWay 1992. 

where: 

k = Qu14nAm 

, 
k = air permeability (ern-) 
Q =volumetric flow rate to/from the vent well (cm3/s) 
A= slope of the dynamic range ofP' vs. ln(t) 
P' = guage pressure at an observation well at time t (g/cm-s2

) 

m =stratum thickness (em) 
u = viscosity of air ( 1.8 X 104 g/cm-s at 18° C) 

For well VP-3: 

k = (54,075.96 cm3/s)}.l.8 X 104 g/cm-s) 
4n (88.80 g/crn-s )( 457.2 em) 

k = I. 91 X 10·5 crn2 = l. 91 X 10·9 m2 = 1934.55 darcies 

The results of the transient air permeability calculations are summarized in Table 3. 

Table 3 
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Well Air Water Pressure Slope ofP' Rz 
Permeability Permeability (inches of vs. ln(t) 

(mz) (em/sec) water) 

VP-1 1.49 x 10·9 1.27 X 10° 0.14 113.56 0.7248 

VP-3 1.91 x 10-9 1.63 X IOV 0.11 88.80 0.8181 

VP-7 1.33 x w-9 1.14 X 10° 0.18 126.91 0.8041 

VP-13 1.33 x 10·9 1.14 X 10° 0.24 127.11 0.7143 

MW-P1 9.99 x 10·10 8.53 X 10·' 0.30 169.20 0.7261 

Calculation sheets, graphs, and raw data sets for each transient calculation are located in 

Appendix B-1. 

Steady State Calculation of Permeability 

The theoretical basis for these calculations is provided in the Unaited States Army Corps 

of Engineers publication Soil Vapor Extraction and Bioventing .vlanual, Chapter 2. 

Calculation for VP-3 

Assume: Steady state conditions (u < 0.01) 
One dimensional flow 

Equation: 

DRAFT 

where: Qv = volumetric flow rate (m3 /sec) 
P* = absolute pressure at the point of flow measurement, 
adjusted for well loss (kg/m sec2

) 

P = absolute pressure at the observation well. (kg/m sec2
) 

P atm = atmospheric pressure during test (kg/m sec2
) 

u = dynamic viscosity of soil gas (kg/m sec) 
rt= 3.1415926 
b = Aquifer thickness(m) 
re= radius of pressure influence (m) 
r = Distance from VP-8 to observation well 

(m) 

7 



ka == apparent air permeability (m2
) 

~II I ' 

Input: Qv== 106.40 scfm 0.050211 m3 /sec == 

Patm = 29.54 in Hg = 99990.27 kg/m sec2 

P*diff= 8.50 in H20 = 2116.442 kg/m sec2 

u= 1.77E-05 kg/m sec 
b= 10 feet = 3.048 m 
fc = 430.8 feet = 131.3078 m 
r = 69.5 feet = 21.1836m 

p diff= 0.2 in H20 = 49.79865 kg/m sec2 

Calculated: P* == 97873.83 kg/m sec2 

P = 99940.47 kg/m sec2 

ka = 1.67E-09 m2 = 1689.798 darcies 

The results of the steady state air permeability calculations are summarized in Table 4. 

Table-' 

Well Air Water Vacuum Distance From 
Permeability Permeability (inches of VP-8 

(mz) (em/sec) water) (feet) 

VP-1 1.78E-09 1.52E+OO 0.20 61.5 

VP-2 2.86E-09 2.44E+OO 0.12 66.0 

VP-3 1.67E-09 1.42E+OO 0.20 69.5 

VP-4 2.24E-09 1.92E+OO 0.16 60.5 

VP-7 1.98E-09 1.69E+OO 0.22 40.0 

MW-P1 1.96E-09 1.67E+OO 0.26 26.5 I 
MW-1 1.72E-09 1.47E+OO 0.11 153.0 I 
MW-2 4.85E-09 4.14E+00 0.04 149.0 

MW-3 1.32E-09 1.12E+OO 0.15 146.5 

MW-5 2.10E-09 1.79E+OO 0.07 193.0 

Calculation sheets and graphs for each calculation are located in Appendix B-2. 

; "'I ~I' I I 
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Discussion 

The air permeability results from the steady state and transient tests are about 2.5 orders 

of magnitude higher than expected for the tested soils. Air permeability values on the 

order of 10-9 m2 (1 o- 13 cm2
) were expected, with equivalent water conductivities (Kw) on 

the order of 1 0"3 crnls. 

TI1e higher than expected permeability values could have been caused by loss of vacuum 

to the ground surface, boundary effects of a limited area where the sand is present, or by 

well losses present in the extraction well. A decrease in the slope of the pressure vs. time 

trendline results in an increased value of the calculated air permeability. While the 

p~:rmeability calculated by both the transient and steady state methods were higher than 

expected. the tests clearly confirmed that the tested soils are suitable for conventional 

soil vapor extraction. 

The effect of pressurization was measurable at MW -1. showing that the radius of 

influence of the injection tests was at least 145 feet in the direction of this well. A 

distance-drawdown plot (Appendix B-2), generated using the steady state data, indicates 

that the radius of influence of the steady-state test was 430 feet. 
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Air Permeability Calculations 

From the AFCEE publication Test Plan and Technical Protocol For A Field Treatability Test For 
Bioventing, May 1992: 

where: 

k = Qu/41tAm 

k =air permeability (cm2
) 

Q =volumetric flow rate to/from the vent well (cm3/s) 
A= slope ofthe dynamic range ofP' vs. ln(t) 
P' = guage pressure at an observation well at time t (g/cm-s2

) 

m =stratum thickness (em) 
u = viscosity of air ( 1.8 X 10-4 glcm-s at 18° C) 

For well PI: 

k = (54.075.96 cm3/s)(l.8 X 10-1 g/cm-s) 
4:r( I I 3.56 g/cm-s2

)( 457.2 em) 

' ' k = 9. 73 cm-g;s-
4;c( 51.919.6 g/s2

) 

k = 1.49 X 10-5 cm2 = 1.49 X 10-9 m2 = 1509.15 dareies 

Ka = 83 .56 em/sec 

Kw = 1.27 X I 0° em/sec 

For well P3: 

k = (54.075.96 ern3/s)(l.8 X 10-4 g/ern-s) 
i 

4it(88.80 g/ern-s-)(457.2 em) 

k = 9.73ern2g/s2 

4it(40599.36 g/s2
) 

k = 1.91 X 10-5 ern2 
= 1.91 X 10-9 rn2 = 1934.55 dareies 

Ka = 107.12 em/sec 

Kw = 1.63 X 10° em/sec= 1934.55 darcies x 0.0008421 

For well P7: 



k = (54,075.96 cm3/s)(l.8 X IO"" g/cm-s) 
4rt(l26.91 g!cm-s2)(457.2 em) 

k = 9. 73 cm2g!s2 

4rr(58,023.25 g/s2
) 

Ka = 74.59 em/sec 

Kw== l.l4X 10°cm/sec 

For well Pl3: 

k = (54.075.96 cm3g/s)(l.8 X 10-4 g/cm-s) 
47t( 127.11 g/cm-s1)(457.2 em) 

k = 9.73 cm~/s~ 
47!(58114.69 g/s~) 

k = 1.33 X 10.; em~== 1.33 X 10-9 m1 = 1347.09 darcies 

Ka = 74.59 em/sec 

Kw == 1.14 X I 0° em/sec 

For well :vtW-Pl: 

k = (54,075.96 cm3/s)(l.S X 10-4 g/cm-s) 
4rt( 169.2 g/cm-s~)( 457.2 em) 

k = 9.73 cm2g/s1 

4rr(77358.24 g/s1
) 

k = 9.99 X 10-6 cm2 == 9.99 X 10"10 m2 = 1011.84 darcies 

Ka = 59.03 em/sec 

Kw = 8.53 X 10·' em/sec 



.-.. 
N 

Ill 
I 

8 
CJ ..... 
tliJ 
'-' 

Q.. 

v 
Granville Solvents 

Air Injection Permeability Tests 
Response Data 

Well VP-1 
500 --------------------------------------------------------------------------------------~ 

450 

400 

350 

300 

250 

200 

150 

100 

50 

y = ll3.56x- 177.51 

R2 = 0.7428 

• 

- -- -- ----------------·-·---·------

.. • • 

• 

• 

0 ------------~---------;------------;--------,-----------,--------4 

0 2 3 

In (t) 

4 5 6 

p \pra,lgranvolllpilol\airt 'stO.xls 7120/00 



---·----·--..... -·····-· ···~-- . ·-· ·----- -----

v 
Granville Solvents 

Air Injection Permeability Tests 
Field Data 

VP-1 
500 -----------------------------------------------------------------------------------, 

450 

400 

350 
............. 

300 
.-. .... 
"' I ....... . ...... ... 
e 

250 ~ 
~ ._, 

Q.. 
200 

IIIII •••••• 

ISO 

100 • • • • ......... lllllllllflllllll •• 

50 

0 -----------~r--------.------.---------r--------r--------1 

-4 -2 

p lproj\gran~llllpilot\ai testa xl5 

0 2 

In (t) 

4 6 8 

7/20/00 

file:///projVgranvill/pilot/ai


_____ ,.. __________ .• ···- . ~-- -

v 
Granville Solvents 

Air Injection Permeability Tests 
Response Data 

Well VP-3 

5ilil ----------------------------------------------------------·------------------------~ 

450 

400 

350 

300 
.-.. ... 
"' I 

E 
250 t.< --c.o 

'-' 

~ 

200 

!50 

llXl 
•• •· 

50 

// 
0 -------

0 

p:lprojlgran~ ill\polol\3irte stO. ~I:; 

• 

• 

y == 88.806x- 27.413 

R2 == 0.8041 

••• 

....... 

2 3 

In (t) 

• 

...... -... • •• 

- --~-~ --~ --------~-----

-- ---~------

• 
-- -~~~--- --~-----------

4 5 6 

7120/00 



-------·---····-··~-·· po- ··----------

v 
Granville Solvents 

Air Injection Permeability Tests 
Field Data 
Well VP-3 

500 -----------------------------------------------~ 

450 

400 --- -- ----- -- ----- ---- --------------------- ---

,..., .. 
"' I 

350 

300 

e 
~ 250 
011 
'-' 

200 

150 

100 

50 

0 

• 

L _______ 
-4 

P-'.proj\granvolllpilct\air· E:stO .::1; 

• • • . ...... 

-2 0 

• - -- -- ---- .-.--.... --.---·-·---------1 

1111 .... ... ·-·1111111 

•••m••• ....... 
------------------------

--- ----------------------

• • 

----- ---...... 
- -----· 

2 4 6 8 

In (l) 

'7/20/00 



v 
Granville Solvents 

Air Injection Permeability Tests 
Response Data 

Well VP-7 

'-·"" 

600 ------------------------------------------------. 

-.. ... 
Ill 
I 

500 

400 

e 
~ 300 
bll .,_, 

200 

100 

• • 

• •• 

..... 
y = 126.9lx- 29.403 

R2 = 0.8181 •• 

....... ... ...... . 
.. ····-- -------------------~~----

• • ..... 
--.-- -- ---~-------~-------1 

• 

----- ~------

0 ---------~------.-----.-------.--------.--------.-------.--------.--------r·-----~1 

0 0.5 1.5 

P \prollgranll•lllpilol'alrtE ~to xl > 

2 2.5 

In (t) 

3 3.5 4 4 ... 
·-' 

,. 
.I 

7120/00 



'V 
Granville Solvents 

Air Injection Permeability Tests 
Field Data 
Well VP-7 

700 -----------------------------------------------· 

.. . . 
600 - - -~-----~------~~--~--~~--~~~-· 

.................... 
500 ----- -------~-------~--~~~-------

.......... .... • 
400 ..... -.... ••• 

a. 300 - ~-- -- ~- -----~~~--~~~-......... • 

200 --- -------~-------------

• ....... 
• --....... --~-- -----~-~~--~--~~--~~~--! 1.00 

0 ----------~-------.--------.-----------.---------,---------~ 

-4 -2 

p \proj'{Jranvoll\pilotlairtEsto xi; 

0 2 

In (t) 

4 6 8 

71'20/00 



.-.... 
"' I e u ...... 
CJ) 
'-' 

~ 

v 
Granville Solvents 

Air Injection Permeability Tests 
Response Data 

Well VP-13 

2800 ---------------------------------------------------------------------------------------, 

2700 

2600 

2500 

2400 

2300 

2200 

2100 

2000 

• • 

- --.-- - .--- --

y:.....: 127.llx + 2050.4 

R2 = 0.7143 

•••••• 

.. 

--------~-~~ .. --- ••• 

. ··- • 
···-----------~-----1 

....... - .--. .----- ---- ---------~-1 

- ------- ---- --~--~~-1 . .. 
----- ----~-- --------~~--~~-1 

--- --------- ---------~~-1 

1900 ~--------,--------~-------.-------.--------~-------.--------r--------~-------.------~ 

0 0.5 1.5 2 2.5 3 3.5 4 4.5 5 

In (t) 

P lprOI\gra~villlpilollairt !SIO.xl; 7120/00 



,-... .. 
Ill 
I e 
u ...... 
~ ....... 

~ 

"•••'' v 
Granville Solvents 

Air Injection Permeability Tests 
Field Data 
Well VP-13 

2900 ---------------------------------------------------------------------------------~ 

2700 --- ----------------
- ----------.-.. 

... tl .. ~···-... ....... •• 
2500 ........... .. ••• 1 •• 1. 

2300 ---- -----------------------

• • . . ....... . •• . .... 
2100 --- -- ------ ------.-- . . . -- - ----- ---- ----------------·----1 

• • 1900 ... 
1700 

1500 ---------------.-------------,r-------------,-------------,-------------T-----------~ 

-4 -2 0 2 4 6 8 

In (t) 

P \po oj\granvilllpolotlairte ;10 xl! 7/:20/00 



-----·~---·-··-----·. -··- -····· 

v 
Granville Solvents 

Air Injection Permeability Tests 
Response Data 
Well MW-Pl 

1400 ------------------------------------------------------------------------------------· 

1200 

1000 

800 

600 

400 

:!00 

l ________ 
0 

-1 

P . 1 projlgran~illlpilot\air estO.::I; 

• 

• • 

0 

y = 169.2x + 399.7 

R2 = 0.7261 

• 

• 

• • 

• • • 

2 

••• • • • 

...... • 

• 

·-·.-- ---·----· --·-· ----

.... ··-- ---·---------------~ 

--- -·-·· ----------------------1 

3 4 5 6 

In (t) 

71"20/00 



-----·----------·--·-· -

v 
Granville Solvents 

Ait Injection Permeability Tests 
Field Data 

Well MW-Pl 
1400 -----------------------------------------------· 

1200 ... • • -. -·--~-------~-------~--

........ ...... 
1000 

• •••••••••• . ....... 
800 ----· ------- --- -----------------------~--~--~~~-

• . ....... 
600 .. .. e IIIII 

• • • •• • - • 
400 . -- --- ----------------------~----

• • . .. 
200 - -------- --- -- ---------------------~ 

•• 

0 --------------.-----------~------------~------------.-------------.-------------~ 

-4 -2 

p IJJroJigran·lllllpilot'.airtE stO xis 

0 2 

In (t) 

4 6 8 

7/20/00 



" 
APPE~DIX B-2 

STEADY STATE CALCULATIONS 

"' 



II,,,., 

'IIIII'•"' 

GRA.lWILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PERMEABILITY CALCULATIONS 

....... ---
n orb Patm Ov Patm-P* Patm-P r r. 

Well (ft) (psi) (scfrn) (in. H20) (in.H20) (ft) (ft) 
1---;IIP-? 10 14.5 106.4 8.5 0.22 40 430.8 
~-

10 14.5 106.4 8.5 0.2 43.5 -430.8 VP-~l 

-\'P-10 10 14.5 106.4 8.5 0.19 51.5 430.8 
--:-

VP-i 10 14.5 106.4 8.5 0.2 61.5 430.8 
'IP<I 10 14.5 106.4 8.5 0.2 69.5 430.8 

1-:~,P-11 10 14.5 106.4 8.5 0.44 55 430.8 
I---PF2 10 14.5 106.4 8.5 0.02 53 430.8 
1-----

Pi=1 10 14.5 106.4 8.5 0.55 44 430.8 
--;~'P-1 :2 10 14.5 106.4 8.5 0 57.5 430.8 ----VP-4 I 10 14.5 106.4 8.5 0.16 60.5 430.8 
~\tP-2l 10 14.5 106.4 8.5 0.12 66 430.8 
~~W-P1 10 14.5 106.4 8.5 0.26 26.5 430.8 ---
I MW-"1 10 14.5 106.4 8.5 0.11 153 430.8 ---: 1\ilW<> 10 14.5 106.4 8.5 0.15 146.5 430.8 

a~~: 10 14.5 106.4 8.5 0.04 149 430.8 
IIIW-5 10 14 5 106.4 8.5 0.07 193 430.8 

>: proj\~r.m"tlle·ptlot permcJic.xls 

u Air temp. 

(kg/msec) oF 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1. 774E-05 50 
1.774E-05 50 
1.774E-05 50 
1.774E-05 50 
1. 774E-05 50 
1 774E-05 50 

5/16/00 



Well 
VP-7 
VP-1 
VP-3 
VP-4 
VP-2 

MW-P1 
MW-1 
MW-3 
MW-2 

M"V-5 

GRANVILLE SOL VENTS Pll..OT TESTING 
STEADY STATE SOU. PERMEABll..ITY CALCULATIONS 

SUMl\.fARY OF VALUES 

P* p ka k. Ka Kw{cm/sec) 

{kg/msec2) {kg/msec2) {m2) {darcies) {em/sec) 
97873.825 99935.489 1.97602E-09 2001.4227 1.11E+02. 1.69E+OO 
97873.825 99940.469 1. 78019E-09 1803.0708 99.83603 1.52E+OO 
97873.825 99940.469 1.66835E-09 1689.7984 93.564139 1.42E+OO 
97873.825 99950.429 2.24387E-09 2272.7065 125.83976 1.92E+OO 
97873.825 99960.389 2.85906E-09 2895.812 160.34111 2.44E+OO 
97873.825 99925.53 1.96177E-09 1986.9831 1.10E+02 1.67E+OO 
97873.825 99962.879 1. 721 09E-09 1743.2111 96.521597 1.47E+OO 

~ 97873.825 99952.919 1.31513E-09 1332.0303 73.75452 1.12E+OO 
97873.825 99980.308 4.85369E-09 4916.0792 272.20331 4.14E+OO 

I 97873.825 99972.838 2.09768E-09 2124.6467 117.64169 1.79E+OO 

Kw 

{ftlday) 
4.78E+03 
4.3.1E+03 
4.04E+03 
5.4~1E+03 

6.92E+03 
4.7EiE+03 
4.16E+03 
3.18E+03 
1.17'E+04 
5.08E+03 

eit16too 



I , I,,,., ::: 

:;o 
~ 

I'-.. r-: 

~ 
..., 
II 

"'co: 

~ 
• ·~ • 

__ g_ ----- -......... --

""" 
---·---

!:( ... -· ·-· : -· :ll . ' ::. . ... .... - --· =· -;. -· -..: = 
"J: ::: -

1
i1 I'!~ . ;: 

I' ·1-· - > ..... _, I 

·-
""" 

--- --

• ~~-----------+--- .__ ____________ ---

- ~ 

s;. 
--

- --

;;)· :r. :.1 ... 
~ .. - -... ... -- - :11 - ~ 

. -
=-

-
f--

I 

I 

I 

-

i--

I 

I II' 

- "' "' "' "' ~ 9 N 

9 9 9 



ll,f,ll,f' 

I ,, 

GRAJ.WILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PER.l\'IEABILITY CALCULATIONS 

EFFECTIVE RADIUS METHOD 

S :E!ady State Solution for One Dimensional Radial Flow 

S·Jil Vapor Extraction Pilot Testing 
Theoretical basis for these calculations is provided in USAGE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

VP-7 

A:;sume: 

Equation: 

In JUt: 

at ~50 

Ca culated: 

Steady state conditions (u < 0.01) 

One dimensional flow 

ka = 0, P* U !r:!..(raLd 

where: 

a.= 

Patm = 

P*diff = 
u= 
b= 
r -a-

r = 

p diff = 

P*= 

p = 
k -a-

K = a 

K,..= 

o. 
P* 
p 

pi b P
2 

- P atm 
2 

= 

= 
= 

volumetric flow rate (L "3/T) 

absolute pressure at the point of flow measurement adjusted for well loss (MIL P2) 

absolute pressure at the obser;ation well. (M/L P2) 

P .. ,m = atmosphere pressure (absolute) dunng :est (M/L P~~) 

u = dynam1c viscosity of soil gas (MILT) 

pi= 3.1415926 

b= Aquifer thickness (L) 

r = ~ radius of pressure influence (l) 

r = 
k = a 

Distance from VEl to observation well (Ll 

apparent air permeability (L "2) 

106.40 scfm = 0.050211 m3/sec 

29.54 in Hg = 99990.27 kg/m sec
2 

8.50 in H20 = 2116.442 kg/m sec2 

1. 77E,05 kg/m sec 
10 feet = 3.048 m 

430.8 feet = 131.3078 m 

40 feet = 12.192 m 

0.22 in H20 = 54.77851 kg/m sec
2 

97873.83 kg/m sec2 

99935.49 kg/m sec2 

1.98E,09 m
2 = 2001.423 darcies 

110.8188 em/sec 

1.69E+OO em/sec = 4781.508 ft'day 

>: • pro.·, granvtlllp,lc t'.permcalc.xls 
51161()() 



GRANVILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PERMEABILITY CALCULATIONS 

EFFECTIVE RADIUS l'VIETHOD 

Stt:!ady State Solution for One Dimensional Radial Flow 

Sc il Vapor Extraction Pilot Testing 
Theoretical basis for these calculations is provided in USACE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

VP-1 

E~uaticn 

In ::Jut: 

at 46F 

Ca culated: 

Steady state conditions (u < 0.01) 
One dimensional flow 

ka = 0 .. P* U !.o.(rJrl 

where: 

Ov= 

patm = 

P*diff = 
u= 
b= 

re = 

r = 
p diff = 

P* = 

p = 
k -a-

Ka = 

Kw= 

Qv 

P* 
p 

pi b P
2 

- P atm 
2 

= 

= 
= 

volumetric flow rate (L "3/T) 

absolute pressure at the point of flow measurement, adjusted for well loss (MIL P2) 
absolute pressure at the obserJation well. (MIL T"2) 

P3tm = atmosphere pressure (absolute) during test (MIL T"2) 

u = dynamic viscosity of soil gas (MILT) 

pi = 3.1415926 

b= Aquifer thickness 1L) 

r~ = radius of pressure influence (L) 

r = 
k = a 

Distance from VE 1 to obserJation well (L) 

apparent air permeability (L·'2) 

106.40 scfm = 0.050211 m
3
/sec 

29.54 in Hg = 99990.27 kg/m sec
2 

8.50 in H20 = 2116.442 kg/m sec2 

1. 77E-05 kg/m sec 
10 feet = 3.048 m 

430.8 feet = 131.3078 m 

61.5 feet = 18.7452 m 
0.2 in H20 = 49.79865 kg/m sec

2 

97873.83 kg/m sec2 

99940.47 kg/m sec2 

1.78E-09 m
2 

= 1803.071 darcies 

99.83603 em/sec 

1.52E+OO em/sec = 4307.634 ftlday 

p :· proJ'g~anvill\pii•JI'.permC.llc .. ds 
5/IMJO 



'I'll• I 

GRANVILLE SOL VENTS PU..OT TESTING 
STEADY STATE SOIL PERMEABILITY CALCULATIONS 

EFFECTIVE RADIUS l\'IETHOD 

Steady State Solution for One Dimensional Radial Flow 
Soil Vapor Extraction Pilot Testing 
Theoretical basis for these calculations is provided in USACE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

VP3 

Ec1uation 

Input: 

a1 46F 

Calculated: 

Steady state conditions (u < 0.01} 
One dimensional flow 

k3 = 0, P* U 

where: 

Qv= 

Paun = 

P"diff = 
u = 
b= 
r = e 

r = 

p diff = 

P* = 

p = 
k = a 

K = a 

K = w 

Ov 

P" 
p 

pi b P
2 

- P atm 
2 

= 

= 
= 

volumetric flow rate (l "3/T) 

absolute pressure at the point of flow measurement, adjusted for well loss (MIL T'-2) 
absolute pressure at the observation well. (MIL T"2) 

Patm = atmosphere pressure (absolute) during test (MIL T"2) 

u = dynam1c viscosity of sail gas (MILT) 
pi = 3.1415926 
b= Aquifer thickness (l) 

r = 
" radius of pressure influence (L) 

r = 

ka = 

Distance from VE1 to observation well (l) 

apparent a~r permeability (l "2) 

106.40 scfm = 0.050211 m
3
/sec 

29.54 in Hg = 99990.27 kg/m sec
2 

8.50 in H20 = 2116.442 kg/m sec~ 
1. 77E-05 kg/m sec 

10 feet = 3.048 m 

430.8 feet = 131.3078 m 

69.5 feet = 21.1836 m 
0.2 in H20 = 49.79865 kg/m sec

2 

97873.83 kg/m sec2 

99940.47 kg/m sec2 

1.67E-09 m
2 

= 1689.798 darcies 

93.56414 em/sec 

1.42E+OO em/sec = 4037.021 ft/day 

p: 'proi'!:rJnvtll\p,lm··perrncalc. •Is 
5/16100 
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GRANVILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PERMEABILITY CALCULATIONS 

EFFECTIVE RADIUS METHOD 

~·teady State Solution for One Dimensional Radial Flow 
~ Clil Vaoor Extraction Pilot Testing 
lt1eomtical basis for these calculations is provided in USACE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

VP4 

Equation 

Input 

at46F 

C 3lculated: 

Steady state conditions (u < 0.01) 
One dimensional flow 

ka:: 0, P* U 

where: 

a.= 

P atm:: 

P*diff = 
u= 
b= 
r = e 

r = 
p diff = 

p• = 

p = 

k = a 
Ka = 

K = w 

Ov 
p• 
p 

:: 

:: 

:: 

volumetric flow rate (L "31T) 

absolute pressure at the point of flow measurement, adjusted for well loss (MIL T"2) 
absolute pressure at the observation well. (MIL T"2) 

P atm :: atmosphere pressure (absolute) dunng test (MIL T"2) 

u :: dynamic '1iscos1ty of soil gas (MILT) 
pi = 3.1415926 
b= Aquifer thickness (L) 

r, = radius of pressure influence (L) 

r :: 

k :: a 

Distance from VE 1 to observation well (L) 

apparent air permeability (L "2) 

106.40 scfm = 0.050211 m3/sec 

29.54 in Hg = 99990.27 kglm sec
2 

8.50 in H20 :: 2116.442 kglm sec2 

1. 77E-05 kglm sec 
10 feet = 3.048 m 

430.8 feet :: 131.3078 m 

60.5 feet = 18.4404 m 
0.16 in H20 :: 39.83892 kg/m sec

2 

97873.83 kg/m sec2 

99950.43 kg/m sec2 

2.24E-09 m
2 

= 2272.707 darcies 

125.8398 em/sec 

1. 92E+OO em/sec = 5429.62 ftlday 

> :•pro.··granvil 'pllct'pe:mcalc . .<ls 
51161()() 
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GRANVILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PERMEABILITY CALCULATIONS 

EFFECTIVE RADIUS METHOD 

St·~ady State Solution for One Dimensional Radial Flow 

Sc•il Vapor Extraction Pilot Testing 
Theoretical basis for these calculations is provided in USAGE Soil Vapor Extraction and Bioventing Manual. Chapter 2 

VP2 

Assume!: 

E:wation: 

In cut: 

at 46F 

C;31culated: 

Steady state conditions (u < 0.01) 
One dimensional flow 

ka = 0 .. P* U 

where: 

Ov= 

Palm= 

P*diff = 
u = 
b= 
r = e 

r = 

p diff = 

P* = 

p = 

ka = 

Ka = 

f<w= 

Ov 

P* 
p 

. b p2- p 2 PI atm 

= 

= 
= 

volumetric flow rate (L "3/T) 

absolute pressure at the point of flow measurement. adjusted for well loss (MIL T"2) 
absolute pressure at the observation well. (MIL T"2) 

Palm= atmosphere pressure (absolute) dunng test (MIL T"2) 

u = dynamic viscosity of soil gas (MILT) 

pi = 3.1415926 

b= Aquifer thickness (L) 

r = ~ radius of pressure influence (L) 

r = 
k = a 

Distance from VE1 to observation well (L) 

apparent air permeability (l "2) 

106.40 scfm = 0.050211 m3/sec 

29.54 in Hg = 99990.27 kg/m sec
2 

8.50 in H20 = 2116.442 kg/m sec~ 
1. 77E-05 kg/m sec 

10 feet = 3.048 m 

430.8 feet = 131.3078 m 

66 feet = 20.1168 m 

0.12 in H20 = 29.87919 kg/m sec
2 

97873.83 kg/m sec2 

99960.39 kg/m sec2 

2.86E-09 m
2 

= 2895.812 darcies 

160.3411 em/sec 

2.44E+OO em/sec = 6918.253 ft/day 

~: proJ' granvlll'pllcllpe:mcalc.xls 
5/!MlO 
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GRAlWILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PER1\1EABILITY CALCULATIONS 

EFFECTIVE RADIUS METHOD 

~aeady State Solution for One Dimensional Radial Flow 

t::oil Vapor Extraction Pilot Testing 
Theoretical basis for these calculations is provided in USACE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

MW-P1 

.Assume: 

Ecuatron: 

lnpJt: 

at 46F 

CalculatE!d: 

Steady state conditions (u < 0.01) 

One dimensional flow 

ka = 0, P* U lil(rJrl 

where: 

Ov= 

Palm= 

P*diff = 
u = 
b= 
r = .. 
r = 

p diff = 

P* = 

p = 

k = a 

K = a 

K = w 

Ov 

P* 
p 

b p2- p 2 pi atm 

= 

= 
= 

volumetric flow rate (L "3/T) 

absolute pressure at the point of flow measurement. adjusted ~or well loss (MIL P2) 
absolute pressure at the observation weil. (MIL P2) 

Palm= atmosphere pressure (absolute) during test (MIL T"2) 

u = dynamrc viscosity of soil gas (MILT) 
pi= 3.1415926 

b= Aquifer thickness (L) 

r = .. radius of pressure influence ( L) 

r = 

ka = 

Distance from VE1 to observation well (L) 

apparent air permeability (L "2) 

106.40 scfm = 0.050211 m
3
/sec 

29.54 in Hg = 99990.27 kg/m sec
2 

8.50 in H20 = 2116.442 kg/m sec2 

1. 77E-05 kg/m sec 
10 feet = 3.048 m 

430.8 feet = 131.3078 m 

26.5 feet = 8.0772 m 
0.26 in H20 = 64.73824 kg/m sec

2 

97873.83 kg/m sec2 

99925.53 kg/m sec2 

1.96E-09 m
2 

= 1986.983 darcies 

110.0193 em/sec 

1.67E+OO em/sec = 4747.011 ft!day 

p 'Jeojlgranvdl\p•lot' pennc~lc. ds 
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GRANVILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PERMEABILITY CALCULATIONS 

EFFECTIVE RADIUS METHOD 

S :Hady State Solution for One Dimensional Radial Flow 
S·Jil Vapor Extraction Pilot Testing 
Tlleoret;calbas;s for these calculations is provided in USACE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

MW-1 
A:;:sume: 

Equaticn: 

ln~ut: 

Calculated: 

Steady state conditions (u < 0.01) 
One dimensional flow 

ka = 0 .. p• U 

where 

Q = v 

Palm= 

P*diff = 
u = 
b= 
r = I! 

r = 

p diff = 

P*= 
p = 

k = a 
Ka = 

Kw = 

Qv = 

P* = 
p = 

volumetric flow rate (L "3/T) 

absolute pressure at the point of flow measurement. adjusted for well loss 1_M/L T"2) 
absolute pressure at the observation well. (MIL T"2) 

Palm= atmosphere pressure (absolute) during test (MIL T"2) 

u = dynamic viscosrty of sari gas (MILT) 
pi = 3.1415926 
b= Aquifer thickness (L) 
r = e radius of pressure influence ll) 

r = 
k = 3 

Distance from VE1 to observation well (L) 

apparent air permeability (L·'2) 

106.40 scfm = 0 050211 m3/sec 

29.54 in Hg = 99990.27 kg/m sec: 

8.50 in H20 = 2116.442 kg/m sec2 

1. 77E-05 kg/m sec 
10 feet = 3.048 m 

430.8 feet = 131.3078 m 

153 feet = 46.6344 m 
0.11 in H20 = 27.38926 kg/m sec

2 

97873.83 kg/m sec2 

99962.88 kg/m ~ ~c2 

1.72E-09 m
2 

= 1743.211 darcies 

96.5216 em/sec 

1.47E+OO em/sec = 4164.626 ft'day 

p:' proj' graow•ll' p •lmlrermcJic .. <Is 
5116/00 
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GRANVILLE SOL VENTS PIT..OT TESTING 
STEADY STATE SOIT.. PERMEABIT..ITY CALCULATIONS 

EFFECTIVE RADIUS METHOD 

St:ady State Solution for One Dimensional Radial Flow 
Soil Vapor Extraction Pilot Testing 
Treore!t:ical basis for these calculations is provided in USACE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

MW-3 

Assume!: 

E~uatio11: 

Input: 

at -~SF 

Ca culated: 

Steady state conditions (u < 0.01) 
One dimensional flow 

ka = a" P* u 

where: 

Ov= 

Patm = 

P .. diff = 
u = 
b= 

r = e 

r = 
p diff = 

p• = 

p = 
k = a 

K = a 

K = w 

Ov = volumetric flow rate (L "3/T) 
p• 
p 

= 
= 

absolute pressure at the point of flow measurement. adjusted for well/ass (MIL T"2) 
absolute pressure at the observation well. (MIL T"2) 

PJtm = atmosphere pressure (absolute) during test (MIL T"2) 

u = 
pi = 
b= 
re = 
r = 
k = a 

dynam1c viscosity of soil gas (MILT) 
3.1415926 

Aquifer :hickness (L) 

radius of pressure influence (L) 

Distance from VE1 to observation well (L) 

apparent a1r permeability (L''2) 

106.40 scfm = 0.050211 m
3
1sec 

29.54 in Hg ' = 99990.27 kg/m sec· 

8.50 in H20 = 2116.442 kglm sec2 

1. 77E-05 kg/m sec 
10 feet = 3.048 m 

430.8 feet = 131.3078 m 

146.5 feet = 44.6532 m 

0.15 in H20 ' = 37.34898 kg/m sec· 

97873.83 kg/m sec2 

99952.92 kg/m sec2 

1.32E-09 m
2 = 1332.03 darcies 

73.75452 em/sec 

1.12E+OO em/sec = 3182.293 ft/day 

p:' :lroj\gra~v·ll\plim' penncalc. <Is 
5/16100 
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GRANVILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PERMEABILITY CALCULATIONS 

EFFECTIVE RADIUS :METHOD 

~ teady State Solution for One Dimensional Radial Flow 
~011 Va:Jor E:xtraction Pilot Testing 
Theomtical basis for these calculations is provided in USACE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

MW-2 

E:uation: 

Input: 

at 46F 

Calculated: 

Steady state conditions (u < 0.01) 
One dimensional flow 

ka = 0, P* U 

where: 

Ov= 

Patm = 
p•diff = 

u= 
b= 
r = e 

r = 

p diff = 

P* = 
p = 

k = a 

K = a 

K = w 

pi b P
2 

- P atm 
2 

Ov = volumetric flow rate (l "3/T) 
p• 
p 

= 
= 

absolute pressure at the point of flow measurement adjusted for well loss (MIL T"2) 
absolute pressure at the observation well. (MIL P2) 

Patm = atmosphere pressure (absolute) during test (MIL P2) 

u = dynamic VISCOSity of SOli gas (M/l T) 
pi = 3.1415926 
b= Aquifer thickness (l) 
r = e radius of pressure influence (l) 

r = 
k = 1 

Distance from VE1 to observation well (l) 
apparent air permeability (L "2) 

106.40 scfm = 0 050211 m
3
/sec 

29.54 in Hg 
0 

= 99990.27 kg/m sec-

8.50 in H20 = 2116.442 kg/m see2 

1. 77E-05 kg/m sec 
10 feet = 3.048 m 

430.8 feet = 131.3078 m 

149 feet = 45.4152 m 
0.04 in H20 ' = 9.959729 kg/m sec-

97873.83 kg/m sec2 

99980.31 kg/m sec2 

4.85E-09 m 
2 

= 4916.079 dareies 

272.2033 em/sec 

4.14E+OO em/sec = 11744.78 ft/day 

p · · projlgronvilllpilot' renncJic. \Is 
51lb.OO 

file:///DixJll
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GRANVILLE SOL VENTS PILOT TESTING 
STEADY STATE SOIL PERMEABU..ITY CALCULATIONS 

EFFECTIVE RADIUS METHOD 

Sh:!ady State Solution for One Dimensional Radial Flow 

S:il Vapor Extraction Pilot Testing 
T1eon~tical basis for these calculations is provided in USACE Soil Vapor Extraction and Bioventing Manual, Chapter 2 

MW-5 

A;sume: 

Equation: 

Input: 

at 46F 

Cc: l:ulated: 

Steady state conditions (u < 0.01) 

One dimensional flow 

ka = 0 .. P* U 

where: 

Ov= 

Patm = 

p•ctiff = 

u = 
b= 
r = e 

r = 

p diff = 

P* = 

p = 

k = a 

K = a 

Kw= 

a. 
P* 
p 

p2- p 2 pi b atm 

= 

= 
= 

volumetric flow rate (L 11 3/T) 

absolute pressure at the point of flow measurement. adjusted for we !I loss i Mil 1"21 
absolute pressure at the observation well. (MIL 1"2) 

Paun = atmosphere pressure (absolute) during test (MIL 1":2) 

u = dynamrc viscosity of sorl gas (M/L T) 

pi = 3.1415926 

b= Aquifer thickness (L) 

r = e radius of pressure influence (l) 

r = 

ka = 

Distance from VE 1 to observation well ( L) 

apparent air permeability (L 112) 

106.40 scfm = 0.050211 m
3
/sec 

29.54 in Hg = 99990.27 kg/m sec
2 

8.50 in H20 = 2116.442 kg/m sec2 

1. 77E-05 kg/m sec 
10 feet = 3.048 m 

430.8 feet = 131.3078 m 

193 feet = 58.8264 m 

0.07 in H20 = 17.42953 kg/m sec
2 

97873.83 kg/m sec2 

99972.84 kg/m sec2 

2.1E-09 m
2 

= 2124.647 darcies 

117.6417 em/sec 

1. 79E+OO em/sec = 5075.897 ft/day 

p: •proJ\gnnvlillpolon~enncalc .. <IS 
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BORING LOGS FOR 
SB-14NP-14 and SB-15NP15 



~• GEOLOGIC LOG 
Metcalf & Eddy 

PR.OJECT: Granville Solvents 

StTE LOCATION: 

Granville. Ohio 

JOB NO.: 
025508-2000-200 

LOCATION: Southwest 

corner of Warehouse 
Building 

DRILLING COMPANY: Wright's Drilling 

DRILLER(s): Darrell Wright 

GEOLOGIST: Mark Andrew 

SHEET 1 BORING NO.: 

OF 2 SB-14 

GROUND TOTAL 

ELEVATION: DEPTH: 

0t1.bk 18ft 

DRILLING RIG: CME 75 

METHOD: Hollow Stem Auger 

AUGER SIZE: 4 t inches 

START: 
6-15-00 
END: 
6-15-00 

WATER ZONE ENCOUNTERED: STATIC WATE~~ LEVEL: 16 FEET 

1-
z 

> ::::> 
ct. 0 

UJ UJ ~ 
...J > :::. 
a.. 0 > 
~ ~ 0 
"C UJ ...J 
\1) ct. co 

> 
ct. 
UJ 
> 
0 
~ 
UJ 
ct. 

lc;-2 

SAMPLE DESCRIPTION 

I 
0-2 1.5 I 3, 6 175 i Topsoil profile with cinders 0-6", 6"··2.0' Silty Clay (CL). 

I 11, 18 \ weathered till, 10YR4/3 trace gravel, 10'o sand, 20'o silt, 
·~------_,----r---~~------~ 

10:44 : ss 

j firm, dense, moist. 

·~--~--_,----r----r----~~~ 
10

'
48 

i SS 
1 

2-4 2.0 8· 11 · II 
100 

Silty Clay (CL) as above. 

_____ ! __ ~~--+----+-16~·~1~1~---1 
I 

10:52 ss 14-6 1.0 5, 4, 
4.7 

I 
Silty Clay (CL), loose almost friable, 20'Yo gravel, 20% 

55 
sand, 20% silt, moist to wet,. 

i I Same Clay 6-6.5ft. 6.5-8 ft Sand (SM), 20 'Yo small 

ll-::-8~:5-9 _.J.. ~~ -S-S----:-~-6-_-8+-l.-=-5--t--:-6.-9=-.-+::7:::-5--l gravel, 10'Yo silt, poorly sorted, subrcunded, bank run, 

11. 12 large cobble at 8 ft., drilled past. 

lf----+
1

1 -------t---+--'-~-t-----l As above, poorly sorted, bank run, sand (SM). 

1

1

, SS 8- 2.0 15, 16, 100 Sand (SM) As above, 20'Yo gravel, 10~1, silt, subrounded, 

10 17, 18 bank run. 
11-::----+-~---~~~~-+~o~~~~~l=oo~ 

9:05 

9:11 ss 10- 2.0 1 . 12, 

I 12 16, 21 I 
As above poorly sorted sand. 

9:2< i ss 12- 2.0 12, 14, 

14 28,40 
1 · Same as above material. 

9:3< 55 14-

16 

9•3B Iss 16------r- 17 
I 
I 

I 
2.0 1 44. 38. ; 100 

,1 24,28 • 

II 36, 22, I 100 

136, 34 I I Same as above material. 

I ' ' I 

2.0 
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~• GEOLOGIC LOG 
Metcalf & Eddy 

'• 1•1
11 PROJECT: Granville Solvents JOB NO.: SHEET 2 OF 2 BORING NO.: 

025508-2000-200 SB-14 
LOCATION: Midpoint of Building Southside 

,.. f-
0 z > 

> :::> a. z UJ 
UJcr. 0 > UJ w _.UJ \...) 0 _. -IJ: a..> !: \...) SAMPLE DESCRIPTION DRILLING w a..UJ a..f-

~ ~a.. ~a.. ~0 0 UJ 
NOTES "(~ a. 

~ ~~ 
"(UJ _. 

f- II)£) II) a. en ~ (Hnu) 

9:48 ss 17- 2.0 16, 21, 100 Same as above material. Saturated at 18.5 ft. 
I 19 16.20 

SCREEN: 7 - 17 FEET 

I SAND: 6- 17 FEET 
I BENTONITE CHIPS: 0-6 FEET 

I 
I I 

I 
i END OF BORING AT 20 FEET 

I 

I 
I 

I I 

I ' -· 

I I 
I 

'i 
I: 

I i 

I __ j_ I 
I 

I I 

I I I 
' 
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~• GEOLOGIC LOG 
Metcalf & Eddy 

PROJECT: Granville Solvents SHEET 1 BORING NO.: 

SITE LOCATION: JOB NO.: OF 2 SB-MW-15 
Granville, Ohio 025508-2000-200 

LOCATION: Midpoint of GROUND TOTAL 
Building Southside ELEVATION: DEPTH: 

q\'l~lY 18ft 

DRILUNG COMPANY: Wright's Drilling DRILUNG RIG: CME 75 

DRILLER(s): Darrell Wright METHOD: Hollow Stem Auger 

GEOLOGIST: Mark Andrew AUGER SIZE: 4 t inches 

START: 
6-1!5-00 
END: 
6-15-00 

WATER ZONE ENCOUNTERED: STATIC WATER LEVEL: 18 FEET 

I 
1--.,.. 1--

w a.. z > 
Q.. LU > ~ Cl. 

Q LU ~ 0 Cl. > SAMPLE DESCRIPT[QN DRILLING LU IJ.JLU 1...) 0 w _, 
«>I w ...J a.. ~ 1...) 

Q.. 

~ ~0 LU 
~ ::E . "(~ 0 Cl. i H <0 "( _, 
1-- \l}z V'l V'lCL. co ~ I 

10:44 ss 0-2 1.5 ,3. 6, 75 Topsoil profile with cinders 0-6", 6"-2.0' Silty Clay (CL). 
11, 18 weathered till, 10YR4/3 trace gravel, 10'Yo sand, 20'Yo silt, 

I 
firm, dense, moist. 

1--__j I 
I !0:48 

1 SS 12-4 2.0 8, 11, 100 
Silty Clay (CL) as above. 

i 16, 11 
! I Silty Clay (CL), loose almost friable, 20'Yo gravel, 20'Yo 

t0: 52 .I ss i 4-6 1.0 5, 4, 55 
sand, 20'Yo silt, moist to wet, almost looks like fill but 

4.7 material at 0-4 ft insitu. 
I 

10:57 .ss 6-8 2.0 10, 11, 100 6-7 ft as above material. 
8, 17 7-8ft Sand (SM) with 20'Yo gravel, lO'Yo silt, poorly 

sorted, bank run. 
11:05 .ss 8- 0.75 10, 13, 35 As above Sand, drove cobble. 

10 27,30 
ti:lO 

I 
ss 10- 2.0 20, 22, 100 As above poorly sorted bank run sand. 

12 26,31 
11:17 ss i 12- 0.6 21 

I 
Same as above material, cobble at 12.5 ft. large cobble 

I 14 50/5" stopped augers. 

I ' 
11:29 ss 14- 2.0 49, 37, 1100 ; Sand and Gravel (SM/CM), 10'Yo cobbl,~s. 10'Yo silt, 40'Yo 

ir-- 16 27, 15 
1 

i sand and gravel, poorly sorted, very moist at base. 

I I i 
i I ! 

I I -· 
i I I I I -· 
I i I I I I I I 
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~• GEOLOGIC LOG 
Metcalf & Eddy 

... PROJECT: Granville Solvents JOB NO.: SHEET 2 OF 2 BORING NO.: 
025508-2000-200 SB-MW-15 

LOCATION: 

..... I-

0 z > 
> ::> CL z UJ 
CL 0 > w w ww 'U 0 ....1 ....I:J: ....1> 

~ SAMPLE DESCRIPTION DRILLING UJ a..w a.. I- a..o 'U 

~ ~a.. ~a.. ~'U 0 UJ 
NOTES 1-1 ~~ <W <w ....1 

CL 
1-- 1/lCJ 1/lCL. co ~ (Hnu) 

11:38 ss 16- 2.0 21, 21, 100 Same as above material, drill out to 18 feet. 
18 21, 18 

SCREEN: 8-18 FEET 
SAND: 7-18 FEET ' 

I 
BENTONITE CHIPS: 0-7 FEET 

I I 
ENt> OF BORING AT 18 FEET 

1--

I 
I 

I 
I 
I 

I 

I I 

! 

I 

t-· 
I 

I 

I • h,l' 
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